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(57) ABSTRACT 

Image forming part 220 forms a 2-dimensional image of the 
Surface of the fundus oculi Ef (fundus oculi image) and a 
tomographic image of the fundus oculi Ef. The fundus oculi 
image 212a and the tomographic image Ga captured at the 
first examination time and the fundus oculi image 212b and 
the tomographic image Gb captured at the second exami 
nation time are stored in an image storage part 212. Position 
information generating part 214 generates the position infor 
mation 213a indicating the position of the tomographic 
image Ga in the fundus oculi image 212a and the position 
information 213b indicating the position of the tomographic 
image Gb in the fundus oculi image 212b. The generated 
position information 213a and 213b are stored in informa 
tion storage part 213. Image processing part 230 adjusts the 
position between the tomographic images Ga and Gb based 
on such position information 213a and 213b. 
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Capture images during the first examination date and time 
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FUNDUS OBSERVATION DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a fundus observa 
tion device, for observing the state of the fundus oculi of an 
eye. 
0003 2. Description of the Related Art 
0004 As a fundus observation device, conventionally a 
fundus camera has been widely used. FIG. 13 shows one 
example of the appearance of a conventional fundus camera 
in general, and FIG. 14 shows one example of an optical 
system composition to be internally accommodated therein 
(e.g. JP Patent laid-open No. 2004-350849). Furthermore, 
“observation' is intended to include at least a case in which 
produced fundus images are observed (fundus observations 
with the naked eye may be included). 
0005 First, referring to FIG. 13, an explanation is made 
regarding the appearance of a conventional fundus camera 
1000. This fundus camera 1000 is provided with a platform 
3 mounted on a base 2 slidably in the front and rear, right and 
left (horizontal direction) directions. On this platform 3, an 
operation panel 3a and a control lever 4 are installed for an 
examiner to conduct various operations. 
0006. The examiner may place the platform 3 on the base 
2 to be moved 3-dimensionally by operating the control 
lever 4. On the top of the control lever 4, an operation button 
4a is installed to be pressed down to obtain fundus oculi 
images. 
0007. On the base 2, a post 5 is installed standing 
upwards. On the post 5, a jaw rest 6 where the jaw of a 
patient is to be rested and an external fixation lamp 7 as a 
light source for fixing an eye E are provided. 
0008. On the platform 3, a main body part 8 is installed 
to accommodate various optical systems or control systems 
of the fundus camera 1000. Furthermore, the control system 
may be installed inside the base 2 or the platform 3, etc., or 
in an external device Such as a computer, etc. connected to 
the fundus camera 1000. 
0009. On the side of the eye E of the main body part 8 
(the left side of the page in FIG. 13), an objective lens part 
8a disposed opposite the eye E is installed. Also, on the 
examiner's side of the main body part 8 (the right side of the 
page in FIG. 13), an objective lens part 8b for observing the 
fundus oculi of the eye E with the naked is installed. 
0010 Furthermore, connected to the main body part 8 is 
a still camera 9 for producing a still image of a fundus oculi 
of the eye E and an imaging device 10 Such as a TV camera, 
etc. for producing still images or moving images of a fundus 
oculi. The still camera 9 and the imaging device 10 are 
formed removably with respect to the main body part 8. 
0011. As a still camera 9, in accordance with various 
conditions such as the purpose of an examination or the 
saving method of produced images, etc., a digital camera 
equipped with imaging elements such as CCD (Charge 
Coupled Device) or CMOS (Complementary Metal Oxide 
Semiconductor), a film camera, and an instant camera, etc. 
may interchangeably be used when it is appropriate. The 
main body part 8 is equipped with a mounting part 8c for 
interchangeably mounting Such a still camera 9. 
0012. If the still camera 9 or the imaging device 10 is for 
taking digital images, the image data of the produced fundus 
image may be sent to a device Such as a computer, etc. 
connected to the fundus camera 1000 and be observed as a 
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fundus image by being displayed on the display. Also, the 
image data can be sent to an image storing device connected 
to the fundus camera 1000 to compile a database and be used 
as electronic data for creating medical charts, etc. 
0013 Furthermore, on the examiner's side of the main 
body part 8, a touch panel monitor 11 is installed. On this 
touch panel monitor 11, fundus images of the eye E created 
based on the video signals output from the still camera 9 (a 
digital method thereof) or the imaging device 10 are dis 
played. Moreover, on the touch panel monitor 11, the 
2-dimensional coordinate system with the center of the 
screen as the origin is displayed overlapped with a fundus 
image. When the screen is touched by the examiner, the 
coordinate value corresponding to the touched position is 
displayed. 
0014) Next, referring to FIG. 14, a composition of an 
optical system of the fundus camera 1000 is described. The 
fundus camera 1000 is provided with an illuminating optical 
system 100 to light the fundus oculi Ef of an eye E, an 
imaging optical system 120 to guide the fundus reflection 
light of the illumination light to the eyepiece part 8b, a still 
camera 9, and an imaging device 10. 
0015 The illuminating optical system 100 comprises: an 
observation light source 101, a condenser lens 102, an 
imaging light source 103, a condenser lens 104, an exciter 
filter 105 and 106, a ring transparent plate 107, a mirror 108, 
a liquid crystal display (LCD) 109, an illumination dia 
phragm 110, a relay lens 111, an aperture mirror 112, and an 
objective lens 113. 
0016. The observation light source 101 consists of a 
halogen lamp, etc. and emits continuous light for observing 
the fundus. The condenser lens 102 is an optical element that 
converges the continuous light (observation illumination 
light) emitted by the observation light source 101 and 
substantially evenly irradiates the observation illumination 
light to the fundus oculi. 
0017. The imaging light source 103 consists of a xenon 
lamp, etc. to be flashed when producing fundus oculi Ef 
images. The condenser lens 104 is an optical element that 
converges the flash light (imaging illumination light) emit 
ted by the imaging light source 103 and irradiates the fundus 
oculi Ef evenly with the imaging illumination light. 
0018. The exciter filters 105 and 106 are the filters to be 
used when fluorography of images of a fundus oculi Eftakes 
a place. The exciter filters 105 and 106 respectively can be 
inserted and removed on the optical path by a drive mecha 
nism such as a solenoid, etc. The exciter filter 105 is 
disposed on the optical path in the event of FAG (fluorescein 
angiography). Whereas, the exciter filter 106 is disposed on 
the optical path in the event of ICG (indocyanine green 
angiography). Furthermore, when color images are being 
obtained, both exciter filters 105 and 106 are retracted from 
the optical path. 
0019. The ring transparent plate 107 is disposed in a 
conjugating location with a pupil of the eye E, and is 
equipped with a ring transparent part 107a taking an optical 
axis of the illuminating optical system 100 as a center. The 
mirror 108 reflects the illumination light emitted by the 
observation light source 101 or by the imaging light source 
103 in the direction of the optical axis of the imaging optical 
system 120. The LCD 109 displays a fixation target (not 
illustrated) for fixing the eye E. 
0020. The illumination diaphragm 110 is a diaphragm 
member to shut out a part of the illumination light for flare 



US 2007/0222946 A1 

prevention, etc. This illumination diaphragm 110 is com 
posed movably in the light axial direction of the illuminating 
optical system 100, and is thus capable of changing the 
illuminating region of the fundus oculi Ef. 
0021. The aperture mirror 112 is an optical element to 
combine an optical axis of the illuminating optical system 
100 and an optical axis of the imaging optical system 120. 
In the center region of the aperture mirror 112 an aperture 
part 112a is opened. The light axis of the illuminating optical 
system 100 and the light axis of the imaging optical system 
120 are to be crossed at a substantially central location of 
this aperture part 112a. The objective lens 113 is installed in 
the objective lens part 8a of the main body part 8. 
0022. The illuminating optical system 100 having such a 
composition illuminates a fundus oculi Ef in the following 
manner. First, the observation illumination light is emitted 
when the observation light source 101 is lit during fundus 
observation. This observation illumination light irradiates 
the ring transparent plate 107 through the condenser lenses 
102 and 104. (The exciter filters 105 and 106 are removed 
from the optical path.) The light passed through the ring 
transparent part 107a of the ring transparent plate 107 is 
reflected by the mirror 108 and is reflected along the optical 
axial direction of the imaging optical system 120 due to the 
aperture mirror 112 through the LCD 109, the illumination 
diaphragm 110 and the relay lens 111. The observing illu 
mination light reflected by the aperture mirror 112 advances 
in the optical axial direction of the imaging optical system 
120 and is converged by the objective lens 113, to be made 
incident onto the eye E, and illuminates the fundus oculi Ef. 
0023 Then, the ring transparent plate 107 is disposed in 
a conjugating location with the pupil of the eye E, and on the 
pupil a ring shaped image of the entering observation 
illumination light is formed. The fundus reflection light of 
the entered observation illumination light is to be emitted 
from the eye E through a central dark part of the ring image 
on the pupil. As described, it is to protect the effect of 
observing illumination light entering the eye E with respect 
to the fundus reflection light of the observing illumination 
light. 
0024. On the other hand, when imaging the fundus oculi 
Ef, flush light is emitted from the imaging light source 103 
and the imaging illumination light is irradiated onto the 
fundus oculi Ef through the same path. In the event of 
photofluographing, either the exciter filter 105 or the exciter 
filter 106 is disposed selectively on the optical path depend 
ing on whether FAG imaging or ICG imaging is carried out. 
0025. Whereas, imaging optical system 120 comprises: 
an objective lens 113, an aperture mirror 112 (an aperture 
part 112a thereof), an imaging diaphragm 121, a barrier filter 
122 and 123, a variable magnifying lens 124, a relay lens 
125, an imaging lens 126, a quick return mirror 127 and an 
imaging media 9a. Herein, the imaging media 9a is an 
arbitrary imaging media (image pick-up elements such as 
CCD, camera film, instant film, etc.) used for a still camera 
9 

0026. The fundus reflection light of the illumination light, 
emitted through the central dark part of the ring shaped 
image formed on the pupil from the eye E, enters the 
imaging diaphragm 121 through the aperture part 112a of 
the aperture mirror 112. The aperture mirror 112 reflects 
cornea reflection light of the illumination light and acts So as 
not to mix the cornea reflection light into the fundus reflec 
tion light made incident onto the imaging diaphragm 121. As 
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a result, the generation of flare on the observation images 
and/or produced images is prevented. 
0027. The imaging diaphragm 121 is a plate shaped 
member at which plural circular light transparent parts of 
different sizes are formed. The plural light transparent parts 
constitute different diaphragms with different diaphragm 
values (F value), and are to be disposed alternatively on the 
optical path by a drive mechanism (not illustrated herein). 
0028. The barrier filters 122 and 123 can be inserted and 
removed on the optical path by a drive mechanism Such as 
a solenoid, etc. In the event of FAG imaging, the barrier filter 
122 is disposed on the optical path while in the event of ICG 
imaging the barrier filter 123 is inserted onto the optical 
path. Furthermore, when producing color images the barrier 
filters 122 and 123 are to be retracted from the optical path. 
0029. The variable magnifying lens 124 is to be movable 
in the light axial direction of the imaging optical system 120 
by a drive mechanism (not illustrated herein). This makes it 
possible to change the magnifying ratio of an observation 
and the magnifying ratio in imaging, and to focus images of 
a fundus oculi. The imaging lens 126 is a lens to focus the 
fundus reflection light from an eye E on the imaging media 
9. 
0030 The quick return mirror 127 is disposed rotatably 
around a rotary shaft 127a by a drive mechanism not 
illustrated herein. In the event of imaging a fundus oculi Ef 
with the still camera 9, the fundus reflection light is sup 
posed to be guided to the imaging media 9a by springing up 
the quick return mirror 127 that is obliquely mounted on the 
optical path. Whereas, in the event of imaging a fundus oculi 
with an imaging device 10 or of observing the fundus oculi 
with the naked eye of the examiner, the quick return mirror 
127 is to be obliquely mounted on the optical path to 
upwardly reflect the fundus reflection light. 
0031. The imaging optical system 120 is further pro 
vided, for guiding the fundus reflection light reflected by the 
quick return mirror 127, with a field lens 128, a switching 
mirror 129, an eyepiece 130, a relay lens 131, a reflection 
mirror 132, an imaging lens 133 and an image pick up 
element 10a. The image pick up element 10a is an image 
pick up element such as CCD, etc. installed internally in the 
imaging device 10. On the touch panel monitor 11 a fundus 
oculi image Ef imaged by the image pick up element 10a is 
be displayed. 
0032. The switching mirror 129 is to be rotatable around 
the rotary shaft 129a as well as the quick return mirror 127. 
This switching mirror 129 is obliquely disposed on the 
optical path during observation with the naked eye and 
guides reflected light on the fundus oculi to the eyepiece 
130. 

0033. Also, when a fundus image is formed by the 
imaging device 10, the switching mirror 129 is retracted 
from the optical path, and the fundus reflection light is 
guided toward an image pick-up element 10a. In this case, 
the fundus reflection light is directed toward a relay lens 
131, is reflected by the mirror 132, and is focused on the 
image pick-up element 10a by the imaging lens 133. 
0034. Such a fundus camera 1000 is a fundus observation 
device to be used for observing the state of the surface of a 
fundus oculi Ef, that is, the retina. In other words, a fundus 
camera 1000 is a fundus observation device to obtain a 
2-dimensional fundus oculi image when it sees the fundus 
oculi Effrom the corneal direction onto the eye E. On the 
other hand, in the deep layer of retina tissues such as the 
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choroidea or Sclera exist, technology for observing these 
deep layer tissues has been desired, but, in recent years, 
devices for observing these deep layer tissues have been 
practically implemented (e.g. JP Patent laid-open No. 2003 
00543, JP Patent laid-open No. 2005-241464). 
0035. The fundus observation device disclosed in JP 
Patent laid-open No. 2003-00543 and JP Patent laid-open 
No. 2005-241464 are devices to which so called OCT 
(Optical Coherence Tomography) technology is applied. 
With such fundus observation devices, low coherence light 
is split into two, one of which (signal light) is guided to a 
fundus oculi and the other one (reference light) is guided to 
a given reference object, and this is a device to form 
tomographic images of the Surface and the deep layer tissue 
of a fundus oculi.and to form the 3-dimensional image from 
the tomographic images, by detecting and analyzing the 
interference light obtained by overlaying the signal light that 
has reached the fundus oculi and the reference light that has 
been reflected by the reference object. Such devices are in 
general called a Fourier domain OCT. 
0036. The Fourier domain OCT is designed to form a 
tomographic image having a depth-wise cross-section along 
its scanning line by Scanning and irradiating a signal light 
onto the fundus oculi. Such scanning of signal lights is 
referred to as a B-scan (see NEDO Workshop “Seeing 
(examining) inside the body from the window of the 
human body, the fundus oculi' Development of an ultra 
early diagnostic device for lifestyle-related diseases using 
the latest optical technologies (held on Apr. 25, 2005), 
Internet-URL: http://www.nedo.go.ip/informations/koubo/ 
170627 2/besshi3.pdf>). 
0037. When forming a 3-dimensional image, a B-scan is 
performed along a plurality of scanning lines, and an inter 
polation process is applied to the resulting plurality of 
tomographic images for the generation of 3-dimensional 
image data. This 3-dimensional image data is referred to as 
Volume data, Voxel data, and so forth, as well as medical 
imaging diagnosis devices such as an X-ray CT device, 
which is image data in a form in which pixel data (e.g. 
luminance value and RGB value regarding brightness, con 
trasting density and color) is assigned to each voxel. A 
3-dimensional image is displayed as a pseudo 3-dimensional 
image seen from a certain viewing angle obtained by ren 
dering Volume data. 
0038. Not limited to ophthalmology, a elapsed observa 
tion is common throughout the entire medical field for 
diagnosing the status of injury or sickness, therapeutic 
effects, and so forth. A elapsed observation is to undertake 
diagnostic evaluation by performing examinations repeat 
edly over a certain period and comparing the examination 
results thereof. In a elapsed observation, the changes over 
time in a region of interest are often seen by capturing 
images of a region of interest Such as an affected area for a 
certain period and comparing those images. 
0039. Although images of the same site need to be 
captured repeatedly in an elapsed observation using images, 
it has been difficult to capture images of the same site in an 
examination of the fundus oculi using conventional fundus 
observation devices. That is, in order to capture images of 
the same site on each examination, an eye to be examined 
must be fixated in the same direction, which is difficult to do. 
In addition, it has also been a factor of making the capture 
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of images of the same site difficult that pulsation or the like 
due to eye movement or the bloodstream causes the direc 
tion of an eye to change. 
0040. In particular, when comparing the tomographic 
images of a fundus oculi captured by an optical image 
measuring device, it has been difficult to determine from the 
images whether Such tomographic images are images of the 
same site (the same cross-section) of the fundus oculi. In 
addition, it has also been difficult to recapture a tomographic 
image of the same cross-section as the tomographic image 
captured in the past. Therefore, it has been difficult to 
effectively and efficiently perform an elapsed observation. 
0041. The present invention is intended to solve the 
above mentioned problems, with the purpose of providing a 
fundus observation device capable of effectively and effi 
ciently performing an elapsed observation using tomo 
graphic images of a fundus oculi. 

SUMMARY OF THE INVENTION 

0042. In order to achieve the above purpose, the first 
aspect of the present invention is constructed as follows; a 
fundus observation device comprising: an image forming 
part including a first image forming part and a second image 
forming part, the first image forming part configured to form 
a 2-dimensional image of the Surface of the fundus oculi of 
an eye based on optically captured data, a second image 
forming part configured to form tomographic, images of said 
fundus oculi based on data captured by an optical scan; a 
position information generating part configured to generate 
position information for said 2-dimensional image and said 
tomographic image which are formed Substantially simul 
taneously, the position information indicating the position of 
the tomographic image in the 2-dimensional image; and an 
image processing part configured to adjust the position, 
based on said position information generated for said 2-di 
mensional image and said tomographic image which are 
formed Substantially simultaneously and based on said posi 
tion information generated for said 2-dimensional image and 
said tomographic image which are formed Substantially 
simultaneously at a Subsequent time, of said former tomo 
graphic image and said latter tomographic image. 
0043. Also, the second aspect of the present invention is 
constructed as follows; a fundus observation device com 
prising: an image forming part configured to form a tomo 
graphic image of a fundus oculi of an eye based on data 
captured by an optical scan, a position information gener 
ating part configured to generate the depth information 
indicating depth-wise position of the tomographic image 
based on the formed tomographic image, and an image 
processing part configured to adjust the position, based on 
said depth information generated for said tomographic 
image formed and said depth information generated for said 
tomographic image formed at a Subsequent time, of said 
former tomographic image and said latter tomographic 
image depth-wise. 
0044 Also, the third aspect of the present invention is 
constructed as follows; a fundus observation device com 
prising: an image forming part configured to form a tomo 
graphic image of a fundus oculi of an eye based on data 
captured by an optical scan; an accumulated image gener 
ating part configured to generate a first and a second 
accumulated images by accumulating each of a first said 
tomographic image and a second said tomographic image 
formed on different examination dates and times in the 
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direction of depth; an accumulated image displacement 
calculating part configured to perform calculations for dis 
placement of the generated first accumulated image and 
Second accumulated image; and an image position changing 
part configured to adjust the position, based on the calcu 
lated displacement, of said first tomographic image and said 
second tomographic image in the direction of the Surface of 
said fundus oculi. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0045 FIG. 1 is a schematic diagram representing one 
example of the entire constitution in a preferred embodiment 
of the fundus observation device related to the present 
invention. 
0046 FIG. 2 is a schematic diagram representing one 
costitutional example of a scanning unit installed in a fundus 
camera unit in a preferred embodiment of the fundus obser 
vation device related to the present invention. 
0047 FIG. 3 is a schematic diagram representing one 
costitutional example of an OCT unit in a preferred embodi 
ment of the fundus observation device related to the present 
invention. 
0048 FIG. 4 is a schematic block diagram representing 
one example of hardware configurations of an arithmetic and 
control unit in an embodiment of the fundus observation 
device related to the present invention. 
0049 FIG. 5 is a schematic block diagram representing 
one costitutional example of a control system in a preferred 
embodiment of the fundus observation device related to the 
present invention. 
0050 FIG. 6 is a schematic diagram showing an example 
of the apparent configuration of the operation panel in a 
preferred embodiment of the fundus observation device 
related to the present invention. 
0051 FIG. 7 is a drawing showing one example of 
configuration of the arithmetic and control unit in an pre 
ferred embodiment related to the present invention. 
0052 FIG. 8 is a schematic diagram representing one 
example of Scanning features of signal light in a preferred 
embodiment of the fundus observation device related to the 
present invention. FIG. 8A represents one example of the 
scanning features of signal light when a fundus oculi is seen 
from the incident side of the signal light with respect to an 
eye. In addition, FIG. 8B represents one example of arrange 
ment features of Scanning points of each scanning line. 
0053 FIG. 9 is a schematic diagram representing one 
example of the Scanning features of signal light and tomo 
graphic image features formed along each scanning line in 
a preferred embodiment of the fundus observation device 
related to the present invention. 
0054 FIG. 10 is a flowchart that shows one example of 
the workings of a modification of the preferred embodiment 
of a fundus observation device related to the present inven 
tion. 
0055 FIG. 11 is a schematic diagram showing an 
example of the screen displayed by a preferred embodiment 
of the fundus observation device related to the present 
invention. 
0056 FIG. 12 is a flowchart showing one example of 
operation according to the preferred embodiment of the 
fundus observation device related to the present invention. 
0057 FIG. 13 is a schematic diagram showing one 
example of the appearance of a conventional fundus obser 
Vation device (optical image measuring device). 
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0.058 FIG. 14 is a schematic diagram representing one 
example of an internal constitution (an optical system con 
stitution) of a conventional fundus observation device (fun 
dus camera). 

DETAILED DESCRIPTION OF THE 
REFERENCE EMBODIMENTS 

0059. One example of favorable embodiments of a fun 
dus observation device related to the present invention is 
described in detail referring to figures. Furthermore, for 
structural parts that are the same as conventional ones, the 
same symbols used in FIG. 13 and FIG. 14 are used. 
0060 First, by referring to FIGS. 1 through 7, the con 
stitution of the fundus observation device related to the 
present invention is described. FIG. 1 shows the entire 
constitution of the fundus observation device 1 related to the 
present invention. FIG. 2 shows a constitution of a scanning 
unit 141 in a fundus camera unit 1A. FIG. 3 shows a 
constitution of an OCT unit 150. FIG. 4 shows a hardware 
configuration of an arithmetic and control unit 200. FIG. 5 
shows a configuration of a control system of the fundus 
observation device 1. FIG. 6 shows a constitution of an 
operation panel 3a provided on a fundus camera unit 1A. 
FIG. 7 shows a configuration of a control system of an 
arithmetic and control unit 200. 

The Entire Configuration 

0061. As shown in FIG. 1, the fundus observation device 
1 is comprised of a fundus camera unit 1A that functions as 
a fundus camera, an OCT unit 150 accommodating the 
optical system of an optical image measuring device (OCT 
device), and an arithmetic and control unit 200 that executes 
various arithmetic processes and control processes, etc. 
0062. To the OCT unit 150, one end of a connection line 
152 is attached. To the other end of this connection line 152, 
a connector part 151 is attached. This connector part 151 is 
attached to a mounting part 8c shown in FIG. 13. Further 
more, a conductive optical fiber runs through the inside of 
the connection line 152. The OCT unit 150 and the fundus 
camera unit 1A are optically connected through the connec 
tion line 152. The constitution details of the OCT unit 150 
are to be described later referring to FIG. 3. 

Configuration of Fundus Camera Unit 
0063 A fundus camera unit 1A is a device for forming a 
2-dimensional image of the Surface of a fundus oculi of an 
eye based on optically captured data (data detected by 
imaging devices 10 and 12), and the fundus camera unit 1A 
has Substantially the same appearance as the conventional 
fundus camera 1000 shown in FIG. 13. Furthermore, as in 
the conventional optical system shown in FIG. 14, the 
fundus camera unit 1A is provided with an illuminating 
optical system 100 to light a fundus oculi Ef of an eye E, and 
an imaging optical system 120 for guiding the fundus 
reflection light of the illumination light to an imaging device 
10. 
0064. In addition, although the details are to be described 
later, an imaging device 10 in an imaging optical system 120 
of the present embodiment is used for detecting the illumi 
nation light with a wavelength in the near-infrared region. 
Furthermore, in this imaging optical system 120, an imaging 
device 12 for detecting the illumination light with a wave 
length in the visible region is provided separately. In addi 



US 2007/0222946 A1 

tion, in this imaging optical system 120, it can guide the 
signal light from the OCT unit 150 to the fundus oculi Ef and 
the signal light through the fundus oculi Ef to the OCT unit 
150. 
0065. Also, the illuminating optical system 100 is com 
prised as in conventional ones including: an observation 
light Source 101, a condenser lens 102, an imaging light 
source 103, a condenser lens 104, an exciter filter 105 and 
106, a ring transparent plate 107, a mirror 108, an LCD 109, 
an illumination diaphragm 110, a relay lens 111, an aperture 
mirror 112, and an objective lens 113. 
0066. The observation light source 101 emits the illumi 
nation light of a wavelength in the visible region included 
within about 400 nm to 700 nm. Furthermore, the imaging 
light source 103 emits the illumination light of a wavelength 
in the near-infrared region included within about 700 nm to 
800 nm. The near-infrared light emitted from this imaging 
light source 103 is provided shorter than the wavelength of 
the light used by the OCT unit 150 (to be described later). 
0067. At the same time, the imaging optical system 120 
comprises: an objective lens 113, an aperture mirror 112 
(aperture part 112a thereof), an imaging diaphragm 121, a 
barrier filter 122 and 123, a variable magnifying lens 124, a 
relay lens 125, an imaging lens 126, a dichroic mirror 134, 
a field lens 128, a half mirror 135, a relay lens 131, a dichroic 
mirror 136, an imaging lens 133, an imaging device 10 (an 
image pick-up element 10a), a reflection mirror 137, an 
imaging lens 138, an imaging device 12 (an image pick-up 
element 12a), and a lens 139 and LCD (Liquid crystal 
Display) 140. 
0068. The imaging optical system 120 related to the 
present embodiment is different from the conventional imag 
ing optical system 120 shown in FIG. 10 in that the dichroic 
mirror 134, the half mirror 135, a dichroic mirror 136, the 
reflection mirror 137, the imaging lens 138, and the lens 139 
and LCD 140 are provided. 
0069. The dichroic mirror 134 reflects the fundus reflec 
tion light of the illumination light (with a wavelength 
included within about 400 nm to 800 nm) from the illumi 
nating optical system 100, and transmits the signal light LS 
(with a wavelength included within about 800 nm to 900 nm, 
to be described later) from the OCT unit 150. 
0070 Furthermore, the dichroic mirror 136 transmits the 
illumination light with a wavelength in the visible region 
from the illuminating optical system 100 (the visible light of 
a wavelength within about 400 nm to 700 nm emitted from 
the observation light source 101) and reflects the illumina 
tion lights having a wavelength in the near-infrared region 
(near-infrared light of a wavelength within about 400 nm to 
700 nm emitted from the observation light source 101). 
0071. The LCD 140 shows an internal fixation target, etc. 
The light from this LCD 140 is reflected by the half mirror 
135 after being converged by the lens 139, and is reflected 
by the dichroic mirror 136 through the field lens 128. 
Further, it enters the eye E passing through the imaging lens 
126, the relay lens 125, the variable magnifying lens 124, the 
aperture mirror 112 (aperture part 112a thereof), the objec 
tive lens 113, etc. As a result, an internal fixation target, etc. 
is displayed in a fundus oculi Ef of an eye E. 
0072 The image pick up element 10a is the image pick 
up element of CCD and CMOS, etc. installed internally in an 
imaging device 10 Such as a TV camera, and is particularly 
used for detecting light of a wavelength in the near-infrared 
region (that is, the imaging device 10 is the infrared TV 
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camera for detecting near-infrared light). The imaging 
device 10 outputs the video signal as a result of detecting 
near-infrared light. A touch panel monitor 11 displays a 
2-dimensional image (fundus image Ef) of the Surface of the 
fundus oculi Ef based on this video signal. Also, this video 
signal is sent to the arithmetic and control unit 200, and the 
fundus oculi image is displayed on the display (to be 
described later). Furthermore, when the fundus oculi are 
being imaged by this imaging device 10, for example, the 
illumination light emitted from the imaging light source 103 
of the illuminating optical system 100, having a wavelength 
in the near-infrared region, may be used. 
0073. Also, the image pick up element 12a is the image 
pick up element of CCD and CMOS, etc. installed internally 
in an imaging device 12 Such as a TV camera, and is 
particularly used for detecting light of a wavelength in the 
visible region (that is, the imaging device 12 is the TV 
camera for detecting visible light). The imaging device 12 
outputs the video signal as a result of detecting visible light. 
A touch panel monitor 11 displays a 2-dimensional image 
(fundus image Ef) of the surface of the fundus oculi Ef 
based on this video signal. Also, this video signal is sent to 
the arithmetic and control unit 200, and the fundus oculi 
image is displayed on the display (to be described later). 
Furthermore, when the fundus oculi are being imaged by this 
imaging device 12, for example, the illumination light 
emitted from the observation light source 101 of the illu 
minating optical system 100, having a wavelength in the 
visible region, may be used. 
0074. Furthermore, the imaging optical system 120 of the 
present embodiment is provided with a scanning unit 141 
and a lens 142. The Scanning unit 141 is equipped with a 
constitution to scan the light (signal light LS; to be described 
later) emitted from the OCT unit 150 on a fundus oculi Ef. 
0075. The lens 142 incidents the signal light LS from the 
OCT unit 150 in the form of parallel light flux onto the 
scanning unit 141. Furthermore, the lens 142 acts so as to 
converge the fundus reflection light of the signal light LS 
that has reached through the Scanning unit 141. 
0076. In FIG. 2, one example of a concrete constitution of 
the scanning unit 141 is shown. The scanning unit 141 is 
comprised including Galvano mirrors 141A, 141 B, and 
reflection mirrors 141 C, 141D. 
0077. The Galvano mirrors 141A and 141B are to be 
rotatable centering around rotary shafts 141a and 141b 
respectively. The rotary shaft 141a and 141b are arranged 
perpendicular to each other. In FIG. 2, the rotary shaft 141a 
of the Galvano mirror 141A is arranged parallel to the paper 
face, while the rotary shaft 141b of the Galvano mirror 141B 
is arranged perpendicular to the paper face. That is, the 
Galvano mirror 141B is to be rotatable in the directions 
indicated by an arrow pointing in both directions in FIG. 2, 
while the Galvano mirror 141A is to be rotatable in the 
directions perpendicular to the arrow pointing in both direc 
tions. As a result, this pair of Galvano mirrors 141A and 
141B act so that the reflecting direction of the signal light LS 
changes to a direction perpendicular to each other. Further 
more, the rotary movement of the Galvano mirror 141A and 
141B respectively is driven by a drive mechanism (see FIG. 
5) to be described later. 
0078. The signal light LS reflected by the Galvano mir 
rors 141A and 141B is to be reflected by reflection mirrors 
141C and 141D, and is to advance in the same direction as 
having entered into the Galvano mirror 141A 
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0079. As described previously, a conductive optical fiber 
152a runs inside the connection line 152, and the end face 
152b of the optical fiber 152a is arranged opposing the lens 
142. The signal light LS emitted from this end face 152b 
advances while gradually expanding its beam diameter 
toward the lens 142 until being converged to a parallel light 
flux by this lens 142. On the contrary, the fundus reflection 
light of the signal light LS is converged toward the end face 
152b by this lens 142. 

Configuration of OCT Unit 
0080 Next, the configuration of an OCT unit 150 is 
described with reference to FIG. 3. The OCT unit 150 shown 
in the FIG. 3 is a device for forming a tomographic image 
of fundus oculi based on data captured by an optical scan 
(data detected by CCD 184 to be described below). The OCT 
unit 150 has a similar optical system to a conventional 
optical image measuring device. That is, the OCT unit 150 
has an interferometer that splits the light emitted from a light 
Source into a reference light and a signal light, and generates 
interference light by Superposing the reference light having 
reached the reference object and the signal light having 
reached the object to be measured (fundus oculi Ef), and a 
device configured to output a signal as a result of detecting 
the interference light toward the arithmetic and control unit 
200. The arithmetic and control unit 200 forms an image of 
the object to be measured (fundus oculi Ef) by analyzing this 
signal. 
I0081. A low coherence light source 160 is composed of 
a broadband light source Such as Super luminescent diode 
(SLD) or a light emitting diode (LED), etc that emits low 
coherence light L0. This low coherence light L0, for 
instance, has a wave length in the near-infrared region and 
is Supposed to be light having a time wise coherence length 
of approximately several tens of micro-meters. The low 
coherence light L0 emitted from the low coherence light 
source 160 has a longer wavelength than the illumination 
light (wavelength: about 400 nm to 800 nm) of the fundus 
camera unit IA, for example, a wavelength included within 
about 800 nm to 900 nm. This low coherence light source 
160 corresponds to an example of the “light source' of the 
present invention. 
I0082. The low coherence light L0 emitted from the low 
coherence light Source 160 is guided to an optical coupler 
162 through an optical fiber 161 composed of, e.g. a single 
mode fiber, or PM (Polarization maintaining) fiber, and then 
split into reference light LR and signal light LS. 
0083. Furthermore, the optical coupler 162 has both 
actions, i.e. a device for splitting lights (splitter), and a 
device for Superposing lights (coupler); however, herein 
conventionally referred to as an “optical coupler. 
0084. The reference light LR generated by the optical 
coupler 162 is guided by an optical fiber 163 consisting of 
Such as a single mode fiber, and emitted from the end face 
of the fiber. The emitted reference light LR is reflected by a 
reference mirror 174 (reference object) through a glass block 
172 and a density filter 173 after having been converged into 
a parallel light flux by a collimator lens 171. 
I0085. The reference light LR reflected by the reference 
mirror 174 is converged to the end face of the optical fiber 
163 by the collimator lens 171 again through the density 
filter 173 and the glass block 172. The converged reference 
light LR is guided to the optical coupler 162 through the 
optical fiber 163. 
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I0086. Furthermore, the glass block 172 and the density 
filter 173 act as a delaying device for matching the optical 
path length (optical distance) between the reference light LR 
and the signal light LS, and as a device for matching the 
dispersion characteristics of reference light LR and the 
signal light LS. 
I0087 Furthermore, the reference mirror 174 is provided 
to be movable in the propagating direction of the reference 
light LR. As a result, it ensures the light path length of the 
reference light LR according to the axial length, etc. of an 
eye E. Moreover, the reference mirror 174 is operated to 
move by a drive mechanism including a motor, etc. 
I0088. Whereas, the signal light LS generated by the 
optical coupler 162 is guided to the end part of the connec 
tion line 152 by an optical fiber 164 consisting of such as a 
single mode fiber. A conductive optical fiber 152a runs 
inside the connection line 152. Herein, the optical fiber 164 
and the optical fiber 152a may be composed of a single 
optical fiber, or may be jointly formed by connecting each 
end. In either case, it is Sufficient as long as the optical fiber 
164 and 152a are composed so as to be capable of trans 
ferring the signal light LS between the fundus camera unit 
1A and the OCT unit 150. 
I0089. The signal light LS is guided within the connection 
line 152 to the fundus camera unit 1A. Then, the signal light 
LS enters into the eye E through the lens 142, the scanning 
unit 141, the dichroic mirror 134 the imaging lens 126, the 
relay lens 125, the variable magnifying lens 124, the imag 
ing diaphragm 121, the aperture part 112a of an aperture 
mirror 112, and the objective lens 113 (then, the barrier filter 
122 and 123 are retracted from the optical path respectively). 
0090 The signal light LS that has entered into the eye E 
forms an image on a fundus oculi (retina) Ef and is then 
reflected. Then, the signal light LS is not only reflected on 
the surface of the fundus oculi Ef, but is also scattered at the 
refractive index boundary reaching the deep area of the 
fundus oculi Ef. As a result, the signal light LS reached the 
fundus Ef becomes a light containing the information 
reflecting the surface state of the fundus oculi Ef and the 
information reflecting the scattered state in the rear at the 
refractive index boundary of the deep area tissue. The light 
is simply referred as “fundus reflection light of the signal 
light LS. 
0091. The fundus reflection light of the signal light LS 
advances reversely on the above path and converges at the 
end face 152b of the optical fiber 152a, then enters into the 
OCT unit 150 through this optical fiber 152a, and returns to 
the optical coupler 162 through the optical fiber 164. The 
optical coupler 162 overlays this signal light LS on the 
reference light LR reflected at the reference mirror 174 to 
generate interference light LC. The generated interference 
light LC is guided into a spectrometer 180 through an optical 
fiber 165 consisting of such as a single mode fiber. 
0092. Herein, the “interference light generation part 
relating to the present invention is comprised of an inter 
ferometer including at least an optical coupler 162, an 
optical fiber 163 and 164, and a reference mirror 174. 
Furthermore, although a Michelson type interferometer has 
been adopted in the present embodiment, for instance, a 
Mach Zender type, etc. or any optional type of interferom 
eter may be adopted appropriately. 
0093. The spectrometer 180 is comprised of a collimator 
lens 181, a diffraction grating 182, an image forming lens 
183, and a CCD (Charge Coupled Device) 184. The diffrac 
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tion grating 182 in the present embodiment is a transmission 
type diffraction grating; however, needless to say, a reflec 
tion type diffraction grating may also be used. Furthermore, 
needless to say, in place of CCD 184, it is also possible to 
adopt other photo-detecting elements. This photo-detecting 
element is one example of the 'second detecting part 
relating to the present invention. 
0094. The interference light LC entered the spectrometer 
180 is to be resolved into spectra by the diffraction grating 
182 after having been converged into a parallel light flux by 
the collimator lens. The split interference light LC forms an 
image on the image pick up surface of the CCD 184 by the 
image forming lens 183. The CCD 184 receives this inter 
ference light LC that is to be converted to an electrical 
detection signal, and outputs this detection signal to the 
arithmetic and control unit 200. 

Configuration of Arithmetic and Control Unit 
0095 Next, the configuration of the the arithmetic and 
control unit 200 is described. This arithmetic and control 
unit 200 analyzes the detection signal input from the CCD 
184 of the spectrometer 180 of the OCT unit 150, and 
performs a process of forming tomographic images of a 
fundus oculi Ef of an eye E. The analysis technique then is 
the same technique as the conventional Fourier domain OCT 
technique. 
0096. Also, the arithmetic and control unit 200 operates 
to form (image data of) a 2-dimensional image showing the 
state of the surface of a fundus oculi Ef (retina) based on the 
Video signal output from the imaging device 10 and 12 of the 
fundus camera unit 1A. 

0097. Furthermore, the arithmetic and control unit 200 
executes the control of each part of the fundus camera unit 
IA and the control of each part of the OCT unit 150. 
0098. As for the control of the fundus camera unit 1A, to 
be controlled is, for example: the emission of illumination 
light by the observation light Source 101 or the imaging light 
source 103; the insertion/retraction operation of the exciter 
filters 105,106, or the barrier filters 122, 123 on the optical 
path; the display operation of the liquid crystal display 140; 
the shift of the illumination diaphragm 110 (controlling the 
diaphragm value); the diaphragm value of the imaging 
diaphragm 121; the shift of the variable magnifying lens 124 
(controlling the magnification), etc. 
0099. Whereas, as for the control of the OCT unit 150, 
emission control of the low coherence light by a low 
coherence light source 160, control of accumulated time of 
the CCD 184, and movement control of reference mirror 
174, etc. are to be performed. 
0100. The hardware configuration of the arithmetic and 
control unit 200 that acts as described above is explained 
referring to FIG. 4. The arithmetic and control unit 200 is 
provided with a hardware configuration that is the same as 
conventional computers. To be specific, the configuration 
includes: a microprocessor 201 (CPUMPU, etc.), a 
RAM202, a ROM203, a hard disk drive (HDD) 204, a key 
board 205, a mouse 206, a display 207, an image forming 
board 208, and a communication interface (I/F)209. Each 
part of these is connected through a bus 200a. 
0101 The microprocessor 201 executes operations char 
acteristic to the present embodiment by loading a control 
program 204a that has been stored in the hard disk drive 204, 
on the RAM 202. 
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0102. Furthermore, the microprocessor 201 executes 
control of each part of the device that has previously been 
described and various arithmetic processes, etc. Moreover, 
control of each part of the device that responds to an 
operation signal from the keyboard 205 or the mouse 206, 
control of display processes by the display 207, and control 
of transmitting/receiving processes of various types of data 
or control signals, etc. are executed by the communication 
interface 209. 

(0103) The keyboard 205, the mouse 206 and the display 
207 are used as a user interface of the fundus observation 
device 1. The keyboard 205 is used as a device for inputting 
letters or figures, etc. by typing. The mouse 206 is used as 
a device to perform various input operations with respect to 
the display screen of the display 207. 
0104 Furthermore, the display 207 as an arbitrary dis 
play device such as LCD (Liquid Crystal Display) or CRT 
(Cathode Ray Tube), etc. displays images of a fundus oculi 
Ef formed by the fundus observation device 1 and displays 
various operation screens or set up screens, etc. 
0105. Furthermore, the user interface of the fundus obser 
Vation device 1 is not limited to Such a configuration but may 
be configured by using any user interfaces equipped with a 
function to display various information and a function to 
input various information Such as track ball, control lever, 
touch panel type LCD, control panel for ophthalmology 
examinations. 

0106 An image forming board 208 is a dedicated elec 
tronic circuit for operating to form (image data of) the image 
of the fundus oculi Ef of an eye E. In this image forming 
board 208, the fundus image forming board 208a and OCT 
image forming board 208b are installed. The fundus image 
forming board 208a is a dedicated electronic circuit for 
operating in order to form the image of the fundus oculi 
based on the video signal from the imaging device 10 or the 
imaging device 12 of the fundus camera unit 1A. Further 
more, the OCT image forming board 208b is a dedicated 
electronic circuit for operating in order to form image data 
of tomographic images of fundus oculi Ef based on the 
detecting signal from CCD 184 of the spectrometer 180 in 
the OCT unit 150. The image forming board 208 causes the 
processing speed for forming image data of fundus images 
and tomographic images to improve. 
0107. A communication interface 209 operates to send 
the control signal from a microprocessor 201 to the fundus 
camera unit 1A and OCT unit 150. Also, the communication 
interface 209 operates to receive the video signal from the 
imaging device 10 and 12 in the fundus camera unit 1A and 
the detecting signal from CCD 184 in the OCT unit 150, and 
it operates to input the signals to the image forming board 
208. At this time, the communication interface 209 operates 
to input the video signal from the imaging device 10 and 12 
to the fundus image forming board 208a, and it operates to 
input the detecting signal from CCD 184 to OCT image 
forming board 208b. 
0.108 Moreover, when the arithmetic and control unit 200 
is connected to a network such as LAN (Local Area Net 
work) or Internet, etc., the communication interface 209 may 
be configured to be equipped with a network adopter Such as 
LAN card, etc. or a communication equipment Such as 
modem, etc. So as to be able to perform data communication 
through the network. In this case, a server accommodating 
the control program 204a may be installed, and at the same 
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time, the arithmetic and control unit 200 may be configured 
as a client terminal of the server. 

Control System Configuration 
0109 The configuration of the control system of the 
fundus observation device 1 having the configuration 
described above is explained referring to FIG. 5 and FIG. 7. 
FIG. 5 shows a part related to the operations or processes of 
the present embodiment that has been particularly selected 
from among constituents composing the fundus observation 
device 1. FIG. 6 shows a constitution of an operation panel 
3a provided on a fundus camera unit 1A. FIG. 7 shows a 
detailed constitution of the arithmetic and control unit 200. 

Controlling Part 

0110. The control system of the fundus observation 
device 1 is configured mainly having a controlling part 210 
of the arithmetic and control unit 200. The controlling part 
210 is comprised including: the microprocessor 201, the 
RAM202, the ROM203, the hard disk drive 204 (control 
program 204a), and the communication interface 209. 
0111. The controlling part 210 executes said controlling 
processes by the microprocessor 201 that is operated based 
on the control program 204a. In particular, it executes 
control of the mirror drive mechanism 241, 242 of the 
fundus camera unit 1A to independently work the Galvano 
mirrors 141A, 141B as well as control of the reference 
mirror drive mechanism 243 to move the reference mirror 
174 toward the direction in which the reference light LR 
travels. 
0112 Furthermore, the controlling part 210 executes con 

trol for causing the display 207 of the user interface 240 to 
display two kinds of images produced by the fundus obser 
Vation device 1: that is, a 2-dimensional image (fundus 
image Ef) of the surface of a fundus oculi Ef by the fundus 
camera unit 1A, and antomographic image(sectional image, 
3-dimensional image, etc.) of a fundus oculi Ef formed 
based on the detection signal obtained by the OCT unit 150. 
These images can be displayed on the display 207 both 
respectively and simultaneously. As to the details of consti 
tution of the controlling part 210, it is described later 
according to FIG. 7. 

Image Forming Part 
0113. An image forming part 220 is intended to operate 
the process forming the fundus image based on the video 
signal from the imaging device 10 and 12 of the fundus 
camera unit 1A and to operate the process forming image 
data of the tomographic images of fundus oculi Ef based on 
the detecting signal from CCD 184 in the OCT unit 150. 
This imaging forming part 220 comprises an imaging form 
ing board 208. In addition, “image' may be identified with 
corresponding "image data' relating to the present inven 
tion. 
0114. An image forming part 220 is a configuration of 
one example of the “image forming part relating to the 
present invention with a fundus camera unit 1A and OCT 
unit 150. Herein, each part of the fundus camera unit 1A for 
capturing a 2-dimensional image of the Surface of the fundus 
oculi Ef and the image forming part 220 and explained as 
one example of the “first image forming part relating to the 
present invention. In addition, each part of the fundus 
camera unit 1A for capturing a tomographic image of the 
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fundus oculi Ef the OCT unit 150, and the image forming 
part 220 and explained as one example of the 'second image 
forming part relating to the present invention. 

Image Processing Part 
0115 The image processing part 230 is used for various 
image processes to image data of the images formed by the 
image forming part 220. For example, it operates to form 
image data of a 3-dimensional image of the fundus oculi Ef 
based on the tomographic images of the fundus oculi Ef 
corresponding to the detection signal from the OCT unit 150 
and executes various corrections, such as brightness adjust 
ment. 

0116. Herein, 3-dimensional data is image data made by 
assigning pixel values to each of a plurality of Voxels 
arranged 3-dimensionally, referred to as Volume data, voxel 
data, and so forth. When displaying an image based on 
Volume data, the image processing part 230 operates to form 
image data of a pseudo 3-dimensional image seen from a 
particular viewing direction by applying a rendering process 
(such as volume rendering and MIP (Maximum Intensity 
Projection)) to this volume data. A display device Such as a 
display device 207 will display such a pseudo 3-dimensional 
image based on the image data. 

User Interface 

0117. The user interface (UI) 240, as shown in FIG. 7, 
comprises a display part 240A consisting of a display device 
Such as a display 207, and an operation part 240B consisting 
of an operation device and an input device such as a 
keyboard 205 and mouse 206. 

Operation Panel 

0118. The operation panel 3a of the fundus camera unit 
1A is described below. This operation panel 3a is, as shown 
for example in FIG. 13, arranged on the platform 3 of the 
fundus camera unit 1A. The operation panel 3a in the present 
embodiment is different from the conventional configuration 
described above, which is provided with an operating part 
used to input an operation request for capturing a 2-dimen 
sional image of the Surface of the fundus oculi Ef and an 
operating part used for the input operation of capturing a 
tomographic image of the fundus oculi Ef (traditionally, only 
the former operating part). Consequently, the OCT can also 
be operated in the same manner as operation of a traditional 
fundus camera. 
0119 The operation panel 3a in the present embodiment 

is, as shown in FIG. 6, provided with a menu switch 301, a 
split switch 302, an imaging light amount switch 303, an 
observation light amount switch 304, a jaw holder switch 
305, a photographing switch 306, a Zoom switch 307, an 
image Switching Switch 308, a fixation target Switching 
switch 309, a fixation target position adjusting switch 310, 
a fixation target size Switching Switch 311 and a mode 
switching knob 312. 
0.120. The menu switch 301 is a switch operated to 
display a certain menu display for a user to select and 
specify various types of menus (such as a photographing 
menu for photographing a 2-dimensional image of the 
Surface of the fundus oculi Ef and a tomographic image of 
the fundus oculi Ef, and a setting menu for inputting various 
types of settings). When this menu switch 301 is operated, 
the operation signal will be input to the controlling part 210. 
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The controlling part 210 displays a menu screen on the touch 
panel monitor 11 or the display part 240A in response to the 
input of this operation signal. Incidentally, a controlling part 
(not shown) may be provided in the fundus camera unit 1A 
and this controlling part may cause the touch panel monitor 
11 to display the menu screen. 
0121 The split switch 302 is a switch operated to switch 
the light on and off of the split bright line for focusing (e.g., 
see JP Patent laid-open No. H9-66031 or the like. Also 
referred to as split target, split mark and so on.). Incidentally, 
the configuration for projecting this split bright line onto an 
eye E to be examined (split bright line projection part) is 
housed, for example, in the fundus camera unit 1A (omitted 
in FIG. 1). When the split switch 302 is operated, the 
operation signal will be input to the controlling part 210 (or 
the above controlling part in the fundus camera unit 1A: 
hereinafter same as this). The controlling part 210 projects 
the split bright line onto the eye E to be examined by 
controlling the split bright line projection part in response to 
the input of this operation signal. 
0122) The imaging light amount switch 303 is a switch 
operated to adjust the emitted light amount of the imaging 
light source 103 (photographing light amount) depending on 
the state of the eye E to be examined (such as the degree of 
opacity of the lens). This imaging light amount switch 303 
is provided with, for example, a photographing light amount 
increasing Switch '+' for increasing the photographing light 
amount, a photographing light amount decreasing Switch 
“-”, and reset switch (button in the middle) for setting the 
photographing ling amount to a certain initial value (default 
value). When one of the imaging light amount switches 303 
is operated, the operation signal will be input to the con 
trolling part 210. The controlling part 210 adjust the pho 
tographing light amount by controlling the imaging light 
Source 103 depending on the operation signal that was input. 
0123. The observation light amount switch 304 is a 
Switch operated to adjust the emitted light amount (obser 
vation light amount) of the observation light source 101. The 
observation light amount switch 304 is provided with, for 
example, an observation light amount increasing Switch "+” 
for increasing the observation light amount and an obser 
Vation light amount decreasing Switch '-' for decreasing the 
observation light amount. When one of the observation light 
amount switches 304 is operated, the operation signal will be 
input to the controlling part 210. The controlling part 210 
adjusts the observation light amount by controlling the 
observation light source 101 depending on the operation 
signal that was input. 
(0.124. The jaw holder switch 305 is a switch to move the 
position of the jaw holder 6 shown in FIG. 13. This jaw 
holder switch 305 is provided with, for example, an upward 
movement Switch (upward triangle) for moving the jaw 
holder 6 upward and a downward movement switch (down 
ward triangle) for moving the jaw holder 6 downward. When 
one of the jaw holder switches 305 is operated, the operation 
signal will be input to the controlling part 210. The control 
ling part 210 moves the jaw holder 6 upward or downward 
by controlling the holder movement mechanism (not shown) 
depending on the operation signal that was input. 
0.125. The photographing switch 306 is a switch used as 
a trigger Switch for capturing a 2-dimensional image of the 
Surface of the fundus oculi Efor a tomographic image of the 
fundus oculi Ef. When the photographing switch 306 is 
operated with a menu to photograph a 2-dimensional image 
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selected, the controlling part 210 that has received the 
operation signal will control the imaging light source 103. 
and the display part 240A or the touch panel monitor 11. The 
imaging light source 103 is controlled to emit the photo 
graphing illumination light. The display part 240A or the 
touch panel monitor 11 is controlled to display a 2-dimen 
sional image of the surface of the fundus oculi Ef, based on 
the video signal output from the imaging device 10 that has 
detected the fundus reflection light. 
0.126 On the other hand, when the photographing switch 
306 is operated while a menu is selected to capture a 
tomographic image, the controlling part 210 that has 
received the operation signal will control the low coherence 
light source 160, galvanometer mirrors 141A and 141B, and 
display part 240A or the touch panel monitor 11. The low 
coherence light source 160 is controlled to emit the low 
coherence light L0. The galvanometer mirrors 141A and 
141B are controlled to scan the signal light LS. The display 
part 240A or the touch panel monitor 11 is controlled to 
display a tomographic image of the fundus oculi Ef formed 
by the image forming part 220 (and image processing part 
230), based on the detecting signal output from the CCD184 
that has detected the interference light LC. 
I0127. The Zoom switch 307 is a switch operated to 
change the angle of view (Zoom magnification) for photo 
graphing of the fundus oculi Ef. Every time this Zoom switch 
307 is operated, for example, 45 degree and 22.5 degree of 
photographing angles of view will be set alternately. When 
this Zoom Switch 307 is operated, the controlling part 210 
that has received the operation signal controls the variable 
magnifying lens driving mechanism (not shown). The vari 
able magnifying lens driving mechanism moves the variable 
magnifying lens 124 in the optical axial direction for chang 
ing the photographing angle of view. 
I0128. The image switching switch 308 is a switch oper 
ated to Switch displaying images. When the image Switching 
switch 308 is operated during a fundus oculi observation 
image (a 2-dimensional image of the Surface of the fundus 
oculi Ef based on the video signal from the imaging device 
12) is displayed on the display part 240A or the touch panel 
monitor 11, the controlling part 210 that has received the 
operation signal will control the display part 240A or the 
touch panel monitor 11. The display part 240A or the touch 
panel monitor 11 is controlled to display the tomographic 
image of the fundus oculi Ef. On the other hand, when the 
image switching switch 308 is operated during the display of 
a tomographic image of the fundus oculi on the display part 
240A or the touch panel monitor 11, the controlling part 210 
that has received the operation signal will control the display 
part 240A or the touch panel monitor 11. The display part 
240A or the touch panel monitor 11 is controlled to display 
the fundus oculi observation image. 
I0129. The fixation target switching switch 309 is a switch 
operated to switch the display position of the internal 
fixation target via the LCD 140 (i.e. the projection position 
of the internal fixation target on the fundus oculi Ef). By 
operating this fixation target switching switch 309, the 
display position of the internal fixation target can be 
Switched, for example, among “fixation position to capture 
the image of the peripheral region of the center of the fundus 
oculi.” “fixation position to capture the image of the periph 
eral region of macula lutea’ and “fixation position to capture 
the image of the peripheral region of papilla, in a circula 
tive fashion. The controlling part 210 controls the LCD 140 
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in response to the operation signal from the fixation target 
switching switch 309. The LCD 140 is then controlled to 
display the internal fixation target in the different positions 
on its display Surface. Incidentally, the display positions of 
the internal fixation target corresponding with the above 
three fixation positions, for example, are preset based on 
clinical data or are set for each eye E to be examined (image 
of the fundus oculi Ef) in advance. 
0130. The fixation target position adjusting switch 310 is 
a Switch operated to adjust the display position of the 
internal fixation target. This fixation target position adjusting 
switch 310 is provided with, for example, an upward move 
ment Switch for moving the display position of the internal 
fixation target upward, an downward movement Switch for 
moving it downward, a leftward movement switch for 
moving it leftward, a rightward movement Switch for mov 
ing it rightward, and a reset Switch for moving it to a certain 
initial position (default position). The controlling part 210, 
when having received the operation signal from either of 
these switches, will control the LCD 140. The LCD 140 is 
controlled to move the display position of the internal 
fixation target. 
0131 The fixation target size switching switch 311 is a 
Switch operated to change the size of the internal fixation 
target. When this fixation target size switching switch 311 is 
operated, the controlling part 210 that has received the 
operation signal will control the LCD 140. The LCD 140 is 
controlled to change the display size of the internal fixation 
target. The display size of the internal fixation target can be 
changed, for example, between “normal size' and "enlarged 
size, alternately. As a result, the size of the projection image 
of the fixation target projected onto the fundus oculi Ef is 
changed. 
0132) The mode switching knob 312 is a knob rotation 
ally operated to select various types of photographing modes 
(such as a fundus oculi photographing mode to photograph 
a 2-dimensional image of the fundus oculi, a B scan mode 
to perform B Scan of the signal light LS, and a 3-dimensional 
scan mode to have the signal light LS to be scanned 
3-dimensionally). In addition, this mode switching knob. 312 
may be capable of selecting a replay mode to replay a 
captured 2-dimensional image or a tomographic image of 
the fundus oculi Ef. In addition, it may be capable of 
selecting a photographing mode to control so that the 
photographing of the fundus oculi Ef would be performed 
immediately after scanning the signal light LS. Control for 
performing each mode is executed by the controlling part 
210. 
0133. The controlling feature of the scanning signal light 
LS by the controlling part 210 and the process feature to the 
detecting signal from the OCT unit 150 by the image 
forming part 220 and the image processing part 230 are 
respectively described below. Furthermore, an explanation 
regarding the process of the image forming part 220, etc., to 
the video signal from the fundus camera unit 1A is omitted 
because it is the same as the conventional process. 

Regarding the Signal Light Scanning 
0134 Scanning of signal light LS is performed by chang 
ing the facing direction of the reflecting Surfaces of the 
Galvano mirrors 141A and 141B of the scanning unit 141 in 
the fundus camera unit 1A. By controlling the mirror drive 
mechanisms 241 and 242 respectively, the controlling part 
210 changes the facing direction of the reflecting surfaces of 
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the Galvano mirror 141A and 141B, and scans the signal 
light LS on the fundus oculi Ef. 
I0135. Once the facing direction of the reflecting surface 
of the Galvano mirror 141A is changed, the signal light LS 
is scanned in a horizontal direction (x-direction in FIG. 1) on 
the fundus oculi Ef. Whereas, once the facing direction of 
the reflecting surface of the Galvano mirror 141B is 
changed, the signal light LS is scanned in a vertical direction 
(y-direction in FIG. 1) on the fundus oculi Ef. Furthermore, 
by changing the facing direction of the reflecting Surfaces of 
both Galvano mirrors 141A and 141B simultaneously, the 
signal light LS may be scanned in the composed direction of 
X-direction and y-direction. That is, by controlling these two 
Galvano mirrors 141A and 141B, the signal light LS may be 
scanned in an arbitrary direction on the Xy plane. 
0.136 FIG. 8 represents one example of scanning features 
of signal light LS for forming images of a fundus oculi Ef. 
FIG. 8A represents one example of scanning features of the 
signal light LS, when the signal light LS sees the fundus 
oculi Effrom an incident direction onto the eye E (that is, 
+direction of Z is seen from -direction of Z in FIG. 1). 
Furthermore, FIG. 8B represents one example of arrange 
ment features of Scanning points (positions at which image 
measurement is carried out) on each scanning line on the 
fundus oculi Ef. 

0.137 As shown in FIG. 8A, the signal light LS is scanned 
within a rectangular shaped scanning region R that has been 
preset. Within this scanning region R, plural (m number of) 
scanning lines R1 through Rim have been set in the x-direc 
tion. When the signal light LS is scanned along each 
scanning line Ri (i-1 through m), detection signals of 
interference light LC are to be generated. 
0.138 Herein, the direction of each scanning line Ri is 
referred as the “main scanning direction' and the orthogo 
nally crossing direction is referred as the 'Sub-Scanning 
direction'. Therefore, the scanning of the signal light LS in 
a main scanning direction is performed by changing the 
facing direction of the reflecting surface of the Galvano 
mirror 141A, and the Scanning in a Sub-Scanning direction is 
performed by changing the facing direction of the reflecting 
surface of the Galvano mirror 141B. 

0.139. On each scanning line Ri, as shown in FIG. 8B, 
plural (in number of) of scanning points Ri1 through Rin 
have been preset. 
0140. In order to execute the scanning shown in FIG. 8, 
the controlling part 210 controls the Galvano mirrors 141A 
and 141B to set the incident target of the signal light LS with 
respect to a fundus oculi Ef at a scan start position RS(S- 
canning point R11) on the first scanning line Ri. Subse 
quently, the controlling part 210 controls the low coherence 
light source 160 to flush the low coherence light L0 for 
emitting the signal light LS to the scan start position RS. The 
CCD 184 receives the interference light LC based on the 
fundus reflection light of this signal light LS at the scan start 
position RS, and outputs the detection signal to the control 
ling part 210. 
0141 Next, by controlling the Galvano mirror 141A the 
controlling part 210 scans the signal light LS in a main 
scanning direction and sets the incident target at a scanning 
point R12, triggering a flush emission of the low coherence 
light L0 for making the signal light LS incident onto the 
scanning point R12. The CCD 184 receives the interference 
light LC based on the fundus reflection light of this signal 
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light LS at the scanning point R12, and then outputs the 
detection signal to the controlling part 210. 
0142. Likewise, the controlling part 210 obtains detection 
signals output from the CCD 184 responding to the inter 
ference light LC with respect to each scanning point, by 
flush emitting the low coherence light L0 at each scanning 
point while shifting the incident target of the signal light LS 
from scanning point R13, R14, . . . . R1 (n-1), R1n in order. 
0143. Once the measurement at the last scanning point 
R1n of the first scanning line R1 is finished, the controlling 
part 210 controls the Galvano mirrors 141A and 141B 
simultaneously and shifts the incident target of the signal 
light LS to the first scanning point R21 of the second 
scanning line R2 following a line Switching scan r. Then, by 
conducting the previously described measurement with 
regard to each scanning point R2i (=1 through n) of this 
second scanning line R2, a detection signal corresponding to 
each scanning point R2i is obtained. 
0144. Likewise, by conducting a measurement with 
respect to the third scanning line R3, ..., the m-1th scanning 
line R (m-1), the mth Scanning line Rim respectively to 
obtain the detection signal corresponding to each scanning 
point. Furthermore, the symbol RE on a scanning line Rim is 
a scan end position in accordance with a scanning point 
Rmn 

0145 As a result, the controlling part 210 obtains mixin 
number of detection signals corresponding to m X n number 
of scanning points Rij (i-1 through. m.j=1 through n) within 
the scanning region R. Hereinafter, a detection signal cor 
responding to the Scanning point Rij may be represented as 
Dij. 
0146 Such interlocking control of such shifting of scan 
ning points and the emission of the low coherence light L0 
may be realized by Synchronizing, for instance, the trans 
mitting timing of control signals with respect to the mirror 
drive mechanisms 241, 242 and the transmitting timing of 
control signals (output request signal) with respect to the 
low coherence light source 160. 
0147 As described, when each Galvano mirror 141A and 
141 B is being operated, the controlling part 210 stores the 
position of each scanning line Ri or the position of each 
scanning point Rij (coordinates on the Xy coordinate system) 
as information indicating the content of the operation. This 
stored content (scan positional information) is used in an 
image forming process as was conducted conventionally. 

Regarding Image Processing 

0148 Next, one example of the process relating to OCT 
images is described of the image forming part 220 and the 
image processing part 230. 
014.9 The image forming part 220 executes the formation 
process of tomographic images of a fundus oculi Ef along 
each scanning line Ri (main scanning direction). The image 
processing part 230 executes the formation process of a 
3-dimensional image of the fundus oculi Ef based on these 
tomographic images formed by the image forming part 220. 
0150. The formation process of a tomographic image by 
the image forming part 220, as was conventionally done, 
includes a 2-step arithmetic process. In the first step of the 
arithmetic process, based on a detection signal Di corre 
sponding to each scanning point Rij, an image in the 
depth-wise direction (Z-direction in FIG. 1) of a fundus oculi 
Ef at the Scanning point Rij is formed. 
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0151 FIG. 9 represents a feature of (a group of) tomo 
graphic images formed by the image forming part 220. In the 
second step of the arithmetic process, with regard to each 
scanning line Ri, based on the images in the depth-wise 
direction at the n number of scanning points Ri1 through Rin 
thereon, a tomographic image Gi of a fundus oculi Ef along 
this scanning line Riis formed. Then, the image forming part 
220 determines the arrangement and the distance of each 
scanning point Ri1 through Rin while referring to the 
positional information (said scan positional information) of 
each scanning point Ri1 through Rin, and forms a tomo 
graphic image Gi along this scanning line Ri. Due to the 
above process, m number of tomographic images (a group of 
tomographic images) G1 through Gm at different positions 
of the Sub-Scanning direction (y-direction) are obtained. 
Each of these tomographic images corresponds to the image 
data Ga in FIG. 7 (to be described later). 
0152 Next, the formation process of a 3-dimensional 
image of a fundus oculi Ef by the image processing part 230 
is explained. A 3-dimensional image of a fundus oculi Ef is 
formed based on the m number of tomographic images 
obtained by the above arithmetic process. The image pro 
cessing part 230 forms a 3-dimensional image of the fundus 
oculi Ef by performing a known interpolating process to 
interpolate an image between the adjacent tomographic 
images Gi and G (i+1). 
0153. Then, the image processing part 230 determines the 
arrangement and the distance of each scanning line Ri while 
referring to the positional information of each scanning line 
Rito form this 3-dimensional image. For this 3-dimensional 
image, a 3-dimensional coordinate system (x,y,z) is set up, 
based on the positional information (said scan positional 
information) of each scanning point Rij and the Z coordinate 
in the images of the depth-wise direction. 
0154 Furthermore, based on this 3-dimensional image, 
the image processing part 230 is capable of forming a 
tomographic image of the fundus oculi Efat a cross-section 
in an arbitrary direction other than the main scanning 
direction (X-direction). Once the cross-section is designated, 
the image processing part 230 determines the position of 
each scanning point (and/or an image in the depth-wise 
direction that has been interpolated) on this designated 
cross-section, and extracts an image (and/or image in the 
depth-wise direction that has been interpolated) in the depth 
wise direction at each determined position to form a tomo 
graphic image of the fundus oculi Ef at the designated 
cross-section by arranging plural extracted images in the 
depth-wise direction. 
(O155 Furthermore, the image Gmj in FIG. 9 represents 
an image in the depth-wise direction (Z-direction) at the 
scanning point Rimi on the Scanning line Rim. Likewise, an 
image in the depth-wise direction at each scanning point Rij 
on the Scanning line Ri formed by the arithmetic process of 
said first step may be represented as “image Gij.” 

Detailed Configuration of the Arithmetic and Control Unit 

0156 Detailed configuration of the arithmetic and control 
unit 200 is described with reference to FIG. 7. Herein, 
configuration of the controlling part 210 and the image 
processing part 230 of the arithmetic and control unit 200 is 
described. 
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0157. The controlling part 210 is provided with a main 
controller 211, an image storage part 212, an information 
storage part 213 and a position information generating part 
214. 
0158. In addition, the image processing part 230 is pro 
vided with a scanning region displacement calculation part 
231, a fixation position displacement calculation part 232, a 
depth position displacement calculation part 233, an accu 
mulated image generating part 234, an accumulated image 
displacement calculation part 235 and an image position 
changing part 236. This image processing part 230 is an 
example of the “image processing part relating to the 
present invention. 

Main Controller 

0159. The main controller 211 comprises a microproces 
sor 201 or the like and controls each part of the fundus 
observation device 1 (previously described). 

Image Storage Part 

0160 The image storage part 212 stores image data of a 
2-dimensional image of the surface of the fundus oculi Ef 
(fundus oculi image) formed by the image forming part 220 
(e.g., image data indicated by symbols 212a and 212b) or 
image data of a tomographic image (e.g., image data indi 
cated by symbols Ga, and Gb). A memory processing of 
image data to the image storage part 212 and a read 
processing of image data from the image storage part 212 are 
performed by the main controller 211. The image storage 
part 212 includes a memory device Such as a hard disk drive 
204. 
0161 Incidentally, the image data 212a of a fundus oculi 
image and the image data Ga or a tomographic image shall 
have been captured almost at the same time. In addition, the 
image data 212b of a fundus oculi image and the image dada 
Gb of a tomographic image shall have been captured almost 
at the same time. Herein, "captured almost at the same time 
(generally simultaneously)' shall mean that the both image 
data have been captured at most with little time difference 
Such as the case where the both image data have been 
captured at the same time, the case where one image data has 
been captured immediately after the other image data has 
been captured, and the case where the both image data have 
been captured in a series of examination processes. On the 
contrary, for the image data 212a or the like and the image 
data 212b or the like, one has been captured after an 
appreciable time interval of capturing the other image data, 
for example, the examination date and time when they have 
been captured are different. 

Information Storage Part 
0162 The information storage part 213 stores position 
information (e.g., information indicated by symbols 213a 
and 213b). This position information is information indicat 
ing, for a 2-dimensional image of the Surface of a fundus 
oculi Ef (fundus oculi image) and the tomographic image, 
the position of this tomographic image in this fundus oculi 
image. The position information is generated by a position 
information generating part 214 (the generating method 
thereof will be described later). 
0163 This position information is described in more 

detail. A 2-dimensional X-Y coordinate system is predefined 
on an imaging area of an image pick-up element 10a of the 
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imaging device 10 (not shown). The 2-dimensional coordi 
nates being based on this X-Y coordinate system are set on 
the fundus oculi image photographed by this imaging device 
10. This X-Y coordinate system defines a plane parallel to a 
plane made by X coordinates and y coordinates of the X-y-Z 
coodinate system shown in FIG.1. Herein, scales (lengths of 
the unit distance) of the two coodinate systems may be either 
equal or different. In addition, the directions of the coordi 
nate axes of the two coodinate systems may either coincide 
with each other or not. 

0164 Generally, in the case where the scales and the 
directions of the coordinate axes of the two coodinate 
systems are both different, the direction of the coordinate 
axes can be coincident with each other by parallel transfer 
and rotational transfer, and the scales can be coincident with 
each other by enlarging/contracting the length of the unit 
distance of the coordinate axes (in other words, an unique 
coordinate transformation can be performed. ). 
0.165. In addition, as shown in FIG. 1, in the direction 
perpendicular to the x-y plane (X-Y plane), Z coordinate (Z 
coordinate; not shown) whose positive direction is the depth 
direction of the fundus oculi Ef is defined. Also, for Z. 
coordinate and Z coordinate, their scales may be either equal 
or different. Hereinafter, X-Y-Z coodinate system and x-y-Z 
coodinate system shall be coincident with each other in the 
directions of each corresponding coordinate axis and the 
scale of each coordinate axis shall be equal. 
0166 Each position information stored in the information 
storage part 213 includes, for example, at least any of the 
following information, that is, Scanning region information, 
fixation position information, or depth information. Inciden 
tally, the position information related to the present inven 
tion does not always include one of this information; any 
information indicating the position of a tomographic image 
in a fundus oculi image may be enough. 
0167. The scanning region information is information 
indicating the region in which the signal light LS was 
Scanned upon capturing a tomographic image (scanning 
region) in X-y coodinate system. For the scanning region of 
the signal light LS, one example thereof is shown in FIG. 8. 
In the scanning feature shown in FIG. 8, the signal light LS 
is scanned in the main Scanning direction (direction parallel 
to X axis) and Sub Scanning direction (direction parallel to y 
axis) as described before to form a rectangle-shaped scan 
ning region R. The scanning region information correspond 
ing with this scanning region R can be represented by the 
range of the main scanning direction and the range of the Sub 
scanning direction, for example, like (X1 SXSX2 
y1sysy2). 
0168 Incidentally, the shape of the scanning region of the 
signal light LS is not limited to rectangular, for example, in 
the case of Scanning the signal light LS concentrically or 
spirally, a circular Scanning region will be formed. The 
scanning region information of this case can be represented 
by, for example, the coordinates of the center of the circular 
scanning region (x0, y0) and the radius r. 
0169. The fixation position information is information 
indicating the projection position of the inner fixation posi 
tion onto the fundus oculi Ef upon capturing a tomographic 
image in X-y coodinate system. This fixation position infor 
mation can be represented by, for example, the coordinate 
values (xf, yf) of the center position of the internal fixation 
target projected onto the fundus oculi Ef. 
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0170 Incidentally, the fixation position information is not 
limited to the information directly indicating the actual 
projection position of the internal fixation target projected 
onto the fundus oculi Ef by x-y coodinate system. I-or 
example, it is possible to use, for example, the information 
obtained by transforming the display position of the internal 
fixation target on the LCD 140 (coordinate values repre 
sented by the 2-dimensional coodinate system defined on the 
surface of the LCD 140) as fixation position information. 
Herein, since the internal fixation target is displayed on the 
LCD 140 and projected onto the fundus oculi Ef by the 
imaging optical system 120, the calculations for the projec 
tion position on the fundus oculi Ef can be performed based 
on the display position on the LCD 140, the optical data of 
the imaging optical system 120, the alignment position of 
the Z direction of the fundus oculi Ef and so on. 
0171 The depth information is information indicating the 
position of a tomographic image of the fundus oculi Ef 
depth-wise (Z coordinate values), in other words, informa 
tion indicating the depth-wise position of the fundus oculi 
image to the surface of the fundus oculi Ef (that is a subject 
to be photographed of the fundus oculi image). 
0172. The fundus oculi Ef has retina, choroidea and 
Sclera. As depth information, the position in the Z direction 
of an image in the tomographic image corresponding to a 
particular layer included in any of these membranes can be 
used. For example, it is possible to employ the position in 
the Z direction of the image corresponding to the retinal 
pigment epithelium layer (or the boundary between retinal 
pigment epithelium and choroidea) in a tomographic image 
as depth information. Herein, the retinal pigment epithelium 
layer is a layer well reflecting the signal light LS and is 
depicted relatively clearly in a tomographic image, so can be 
preferably used as criteria of depth information. 
0173 Incidentally, in a tomographic image including 
papilla, for example, the position in the Z direction (Z 
coordinate values) in the image corresponding to the bottom 
of a crater of papilla in a tomographic image can be used as 
depth information. 

Position Information Generating Part 
0.174. The position information generating part 214 per 
forms the process for generating the above-mentioned posi 
tion information, and is one example of the “position infor 
mation generating part relating to the present invention. 
Hereinafter, the process for generating scanning region 
information, the process for generating fixation position 
information, and the process for generating depth informa 
tion are respectively described. 
0175 First, the process for generating scanning region 
information is described. The Scanning region of the signal 
light LS is specified by a user operating the operation part 
240B or the like prior to capturing a tomographic image of 
the fundus oculi Ef. This operation is performed by display 
ing an observation image of the fundus oculi Ef on the 
display part 240A and performing a drag and drop operation 
with a mouse so as to Surround the desired region on the 
observation image. For example, when a drag and drop 
operation is performed, a rectangle-shaped scanning region 
will be set whose diagonal line connects the position where 
the drag operation of the mouse starts and the position where 
the drop operation is performed. 
0176 The position information generating part 214 gen 
erates Scanning region information when a fundus oculi 
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image (photographing image) and a tomographic image of 
the fundus oculi Ef are captured at almost the same time 
based on the scanning region specified on the observation 
image of the fundus oculi Ef. At this time, the fixation 
position of an eye E when the observation image is displayed 
and the fixation position when a fundus oculi image and a 
tomographic image are captured shall be the same. 
0177. One specific example of the generating process of 
scanning region information when the scanning region is 
specified with the drag and drop operation of a mouse is 
described. When the scanning region has been specified, X 
coordinate value and y coordinate value of the drag starting 
position and X coordinate value and y coordinate value of the 
drop position are input to the controlling part 210 from the 
user interface 240, and sent to the position information 
generating part 214. Provided that the coordinates of the 
drag starting position are (X1, y1) and the coordinates of the 
drop position are (X2, y2), the position information gener 
ating part 214 generates Scanning region information con 
sisting of the region (X1 SXSX2, y1 sysy2) on the fundus 
oculi image. 
0.178 Next, the process for generating fixation position 
information is described. The fixation position of the eye E 
to be examined is specified by a user operating the fixation 
target switching switch 309, the fixation target position 
adjusting Switch 310, or the fixation target size Switching 
switch 311 of the operation panel 3a and so on prior to 
capturing a tomographic image of the fundus oculi Ef 
(0179 When the fixation position of the eye E to be 
examined is specified by the internal fixation target, the 
position information generating part 214 obtains, for 
example, the coordinate values (xf, yf) of the center position 
of the internal fixation target projected onto the fundus oculi 
Ef, and defines the coordinate values (xf, yf) as the fixation 
position information. At this time, it may be configured to 
determine the intended coordinate value by analyzing the 
observation image (before photographing) and the fundus 
oculi image (after photographing) onto which the internal 
fixation target has been projected, and it may also be 
configured to perform calculations for the intended coordi 
nate value based on the displaying position of the internal 
fixation target displayed on the LCD 140. 
0180. Next, the process for generating depth information 

is described. When a tomographic image of the fundus oculi 
Ef has been captured, the image data of the tomographic 
image will be input to the position information generating 
part 214. The position information generating part 214 
analyzes this image data, extracts for example a part corre 
sponding to the retinal pigment epithelium layer, calculates 
the Z coordinate value of this extracted part in this tomo 
graphic image, and defines this Z coordinate value as the 
intended depth information. 
0181. Herein, it is also possible to analyze data provided 
for forming a tomographic image, for example, the data 
indicating the detection intensity distribution of the inter 
ference light LC at each depth position, instead of analyzing 
image data, determine Z coordinate of the depth position 
where the detected intensity is the peak, and define it as the 
depth information. 
0182. The position information generated as above will 
be associated with the image data of the corresponding 
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fundus oculi image and the image data of the corresponding 
tomographic image, and will be stored into the information 
storage part 213. 

Scan Region Displacement Calculation Part 

0183 The scanning region displacement calculation part 
231 performs calculations based on the coordinates of the 
scanning region of the signal light LS shown in each of two 
scanning region information, for displacement of those two 
coordinates (in the x-y direction). Provided that the coordi 
nates shown in the Scanning region information correspond 
ing with the scanning region R upon capturing the first 
tomographic image are (X1 SXSX2, y1 sysy2) and the 
coordinates shown in the Scanning region information cor 
responding with the scanning region R (not shown) upon 
capturing the second tomographic image are (X1's XSX2', 
y1'sysy2), the scanning region displacement calculation 
part 231 performs calculations for, for example, the dis 
placements in the X direction, AX(min) X1-X1' and AX(max) 
-X2-X2', and the displacements in they direction, Ay(min) 
=y1-y1' and Ay(max) y2-y2", respectively. 
0184. Herein, when the lengths of the scanning region R 
and R' in the X direction are equal (that is, when X2-x1=X2'- 
x1'), it is sufficient only to calculate AX=x1-x1'(or x2-X2") 
as displacement in the X direction. Similarly, when the 
lengths of the scanning region RandR' of they direction are 
equal (that is, when y2-y1 y2'-y1'), it is sufficient only to 
calculate Ay-y1-y1'(or y2-y2) as displacement in the y 
direction. The scanning region displacement calculation part 
231 is an example of the “displacement calculating part 
relating to the present invention. 

Fixation Position Displacement Calculation Part 

0185. The fixation position displacement calculation part 
232 performs calculations, based on the coordinates of the 
projection position of the inter fixation target onto the fundus 
oculi Ef shown in each of two fixation position information, 
for the displacements (in the x-y direction) of those two 
coordinates. Provided that the coordinates of the projection 
position of the inter fixation target shown in the fixation 
position information corresponding with the first tomo 
graphic image are (Xf yf) and the coordinates of the pro 
jection position of the inter fixation target corresponding 
with the second tomographic image are (xf, yf), the fixation 
position displacement calculation part 232 performs calcu 
lations for the displacement of the X direction, AXf Xf-xf 
and the displacement of the y-direction Ayf yf yf of those 
two coordinates, respectively. The fixation position displace 
ment calculation part 232 is an example of the “displace 
ment calculating part relating to the present invention. 

Depth Position Displacement Calculation Part 

0186 The depth position displacement calculation part 
233 performs calculations for, based on the coordinates of 
the depth position shown in each of two depth information, 
displacement (depth-wise, i.e. in the Z direction) of those 
two coordinates. Provided that the coordinate shown in the 
depth information corresponding with the first tomographic 
image is Zand the coordinate shown in the depth information 
corresponding with the second tomographic image is Z, the 
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depth position displacement calculation part 233 performs 
calculation for the displacement of these two coordinates 
AZFZ-Z. 

Accumulated Image Generating Part 
0187. The accumulated image generating part 234 accu 
mulates each of the tomographic images formed by the 
image forming part 220 depth-wise and generates a 1-di 
mensional image (accumulated image). That is, the accu 
mulated image generating part 234 accumulates the each 
depth-wise image Gi comprising a tomographic image Gi 
depth-wise (in Z direction) and forms point-like images. 
Each point-like image shows accumulated luminance at the 
position of the depth-wise image Gij. Herein, “accumulating 
depth-wise’ means the calculation processing for Summing 
(projecting) luminance value at each depth position of the 
depth-wise image. 
0188 By performing such a processing for each tomo 
graphic image obtained by a series of scan of the signal light 
LS, an image indicating the Surface figure of the fundus 
oculi Ef in this scanning region as well as a fundus oculi 
image (2-dimensional image of the Surface) are obtained. 
Incidentally, accumulated images are described in detail in 
Japanese Patent Application No. 2005-337628 by the 
present inventors. The accumulated image generating part 
234 is an example of the “accumulated image generating 
part relating to the present invention. 

Accumulated Image Displacement Calculation Part 
0189 The accumulated image displacement calculation 
part 235 performs calculations for, based on two accumu 
lated images based on the first and second (group of) 
tomographic image(s), the displacement of those accumu 
lated images in the X-y direction. An accumulated image is 
formed in the range of the same X-y coordinates as the 
scanning region of the signal light LS when capturing the 
tomographic images. The accumulated image displacement 
calculation part 235 performs calculations for the displace 
ment of two accumulated images based on the coordinates of 
the Scanning region corresponding with each accumulated 
image (e.g., obtained with reference to the Scanning region 
information) in the same fashion as the scanning region 
displacement calculation part 231. 
0190. As another example of the process for performing 
calculations for the displacement of two accumulated 
images, it is also possible to perform calculations for the 
displacement so that correlation between two accumulated 
images is the highest. In addition, it is also possible to be 
configured to obtain the displacement of the two accumu 
lated images by extracting characteristic points from the two 
accumulated images respectively and performing calcula 
tions for the displacement of each of the characteristic 
points. The accumulated image displacement calculation 
part 235 is one example of the “accumulated image dis 
placement calculating part relating to the present invention. 

Image Position Changing Part 
0191 The image position changing part 236 adjusts the 
position of two (groups of) tomographic images by changing 
the position of the (groups of) tomographic images based on 
the information of the displacements input from the scan 
ning region displacement calculation part 231, the fixation 
position displacement calculation part 232, the depth posi 
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tion displacement calculation part 233 and the accumulated 
image displacement calculation part 235. The image posi 
tion changing part 236 is one example of the “image position 
changing part relating to the present invention. 
0.192 Hereinafter, the position adjustment process of 
images based on the displacement input from the scanning 
region displacement calculation part 231, the position 
adjustment process of images based on the displacement 
input from the fixation position displacement calculation 
part 232, the position adjustment process of images based on 
the displacement input from the depth position displacement 
calculation part 233, and the position adjustment process of 
images based on the displacement input from the accumu 
lated image displacement calculation part 235 are respec 
tively described. In addition, the detailed position adjust 
ment of (groups of) tomographic images by the image 
position changing part 236 is also described. 
0193 First, the position adjustment process of images 
based on the displacement input from the scanning region 
displacement calculation part 231 is described. The image 
position changing part 236 adjusts the position of two 
(groups of) tomographic images in the X direction and in the 
y-direction respectively by moving at least one of these two 
(groups of) tomographic images in the X and y direction 
based on the displacement of the X direction AX=x1-x1' (or 
x2-X2) and the displacement of the y-direction Ayy1-y1' 
(or y2-y2") of the two (groups of) tomographic images input 
from the scanning region displacement calculation part 231. 
For example, the process for adjusting the place of the 
second tomographic image to the position of the first tomo 
graphic image is performed by moving the second tomo 
graphic image by AX in the X direction and Ay in the y 
direction. 

0194 Incidentally, provided that the lengths of the scan 
ning regions R and R' in the X direction are not equal (that 
is, when X2-X1zX2'-x1'), at least one of the two (groups of) 
tomographic images may be configured to move based on 
the displacements of the X direction Ax (min) x1-x1' and Ax 
(max) X2-X2', for example, so as to allow midpoints of the 
X direction of the scanning regions R and R' coincident with 
each other. Similarly, provided that the lengths of the scan 
ning regions R and R' in they direction are not equal (that 
is, when y2-y1zy2'-y1'), at least one of the two (groups of) 
tomographic images may be configured to move based on 
the displacements of they direction Ay (min) y1-y1' and Ay 
(may) y2-y2", for example, so as to allow midpoints of the 
y direction of the scanning regions R and R' coincident with 
each other. 
0.195 Next, the position adjustment process of images 
based on the displacement input from the fixation position 
displacement calculation part 232 is described. The image 
position changing part 236 adjusts the position of two 
(groups of) tomographic images in the X direction and in the 
y-direction respectively by moving at least one of these two 
(groups of) tomographic images in the X and y direction 
based on the displacement of the X direction Axfxf-Xf and 
the displacement of they direction Ayfyf-yf of the pro 
jection position of the internal fixation target onto the fundus 
oculi Ef upon capturing the two (groups of) tomographic 
images input from the fixation position displacement calcu 
lation part 232. For example, by moving the second tomo 
graphic image by AXf in the X direction and by Ayfin they 

Sep. 27, 2007 

direction, the process for adjusting the position of the second 
tomographic image to the position of the first tomographic 
image is performed. 
0196) Next, the position adjustment process of images 
based on the displacement input from the depth position 
displacement calculation part 233 is described. The image 
position changing part 236 adjusts the position of two 
(groups of) tomographic images depth-wise (Z direction) 
based on the displacement Az-z-z of the coordinates at the 
depth position of the two (groups of) tomographic images 
input from the depth position displacement calculation part 
233. For example, by moving the second tomographic image 
by AZ in the Z direction, the process for adjusting the place 
of the second tomographic image to the position of the first 
tomographic image is performed. 
0.197 Next, the position adjustment process of images 
based on the displacement input from the accumulated 
image displacement calculation part 235 is described. The 
image position changing part 236 adjusts the position of two 
(groups of) tomographic images in the X direction and in the 
y-direction respectively by moving at least one of these two 
(groups of) tomographic images in the X direction and in the 
y-direction based on the displacement of the two accumu 
lated images in the X direction and they direction (indicated 
by AX and Ay similar to the displacements of the scanning 
regions) based on the two (groups of) tomographic images 
input from the accumulated image displacement calculation 
part 235. For example, by moving the second tomographic 
image by AX in the X direction and Ay in they direction, the 
process for adjusting the position of the second tomographic 
image to the position of the first tomographic image is 
performed. Incidentally, when the regions of the both accu 
mulated images are different, the position is adjusted by 
allowing midpoints of the X direction and of they direction 
coincident with each other in similar to the case of being 
based on the displacement of the scanning regions. 
0198 Finally, the detailed position adjustment of (groups 
of) tomographic images is described. The image position 
changing part 236 performs calculations for the displace 
ment so that correlation between two fundus oculi images 
(2-dimensional images of the surface of the fundus oculi Ef) 
is the highest, and the image position changing part 236 
adjusts the position of two fundus oculi images based on this 
displacement. In addition, it is possible to extract charac 
teristic points from each of two fundus oculi images, cal 
culate displacements of these characteristic points, and 
adjust the positions of the two fundus oculi images based on 
these displacements. Furthermore, by using the results of the 
position adjustment of these two fundus oculi images, the 
position adjustment in the X direction and they direction of 
two (groups of) tomographic images captured almost at the 
same time as these two fundus oculi images is performed. 
0199. It is possible to adjust the positions of the two 
(groups of) tomographic images more in detail by perform 
ing the position adjustment of the tomographic images based 
on Such the position adjustment of the fundus oculi images, 
for example, after the (rough) position adjustment based on 
information of displacement input from the Scanning region 
displacement calculation part 231 (or the fixation position 
displacement calculation part 232, the depth position dis 
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placement calculation part 233 or the accumulated image 
displacement calculation part 235). 

Operation 

0200 Operations of the fundus observation device 1 
having the above configuration are described with reference 
to FIGS. 10 to 12. These figures show an example of the 
operation of the fundus observation device 1 when compar 
ing images captured on the different examination date and 
time in the elapsed observation of ocular affection. The 
operation shown in FIG. 10 relates to the case of adjusting 
the position of images using position information. Inciden 
tally, the case of adjusting the position of images using 
accumulated images will be described later (see FIG. 12). 

Position Adjustment of Images. Using Position Information 
0201 First, the position adjustment of images using 
position information is described with reference to FIG. 10 
and FIG. 11. At the beginning, on the first examination date 
and time, a fundus oculi image and a tomographic image (a 
group of tomographic images; hereinafter same as this) of 
the fundus oculi Efare captured (S1). The image data 212a 
of the captured fundus oculi image and the image data Ga of 
the tomographic image are respectively stored in the image 
storage part 212 (S2). Incidentally, when the fundus obser 
vation device 1 is connected to a network such as LAN, the 
image data 212a and Ga may be stored in a database on this 
network. 
0202 The position information generating part 214 gen 
erates position information 213a based on information set 
prior to capturing the images (such as the specifying infor 
mation of the Scanning region R of the signal light LS and 
the specifying information of the fixation position) and the 
captured image information (S3). The generated position 
information 213a will be stored in the information storage 
part 213 (S4). 
0203 Herein, although it is sufficient that any one of the 
scanning region information and the fixation position infor 
mation is generated as position information for the image 
position adjustment in the X and y direction, both informa 
tion shall be generated here. In addition, also the depth 
information that is position information for the image posi 
tion adjustment of images in the Z direction shall be gener 
ated. 

0204. On the second examination date and time when a 
certain period (e.g., several days, several weeks, several 
months, several years and so on) has elapsed from the first 
examination date and time, a fundus oculi image and a 
tomographic image (a group tomographic images; herein 
after same as this) of the fundus oculi Ef are captured (S5). 
The image data 212b of the captured fundus oculi image and 
the image data Gb of the tomographic image are respectively 
stored in the image storage part 212 (S6). 
0205 The position information generating part 214 gen 
erates position information 213b including scanning region 
information, fixation position information and depth infor 
mation similar to the case on the first examination date and 
time (S7). The generated position information 213b will be 
stored in the information storage part 213 (S8). 
0206 When a certain operation has been made for initi 
ating a comparison of images of the fundus oculi Ef the 
main controller 211 reads the image data 212b (or the image 
data 212a) of the fundus oculi image form the image storage 
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part 212 and causes the display part 240A to display the 
fundus oculi image Ef based on this image data 212b (S9). 
0207. Furthermore, the main controller 211 reads scan 
ning region information and fixation position information of 
each of the position information 213a and 213b from the 
information storage part 213, and causes the display part 
240A to display images of the scanning regions based on the 
two scanning region information, and images indicating the 
projection potions of the internal fixation target based on the 
two fixation position information respectively on the fundus 
oculi image Ef (S10). 
0208. In addition, the main controller 211 reads the image 
data Gb (or the image data Ga) of the tomographic image 
from the image storage part 212 and causes the display part 
240A to display the tomographic image Gb based on this 
image data (S11). This tomographic image Gb (Ga) is 
displayed on the display part 240A together with the fundus 
oculi image 212b (212a) or the like. 
0209 FIG. 11 shows one example of screens displayed 
on the display part 240A by step S9, S10 and S11. The 
display screen of the display part 240A is provided with a 
fundus oculi image display part 24.0a on which a 2-dimen 
sional image of the surface of the fundus oculi Ef (fundus 
oculi image 212b) or the like is displayed and a tomographic 
image display part 240b on which the tomographic image 
Gb of the fundus oculi Ef is displayed. 
0210. Through step S9, the fundus oculi image Ef is 
displayed on the fundus oculi image display part 240a. In 
addition, through step S11, (image indicating) the Scanning 
region R when having captured a tomographic image on the 
first examination date and time and (image indicating) the 
scanning region R' when having captured a tomographic 
image on the second examination date and time are over 
lapped and displayed on the fundus oculi image Ef. Fur 
thermore, through step S10, (image indicating) the projec 
tion position F of the internal fixation target on the first 
examination date and time and (image indicating) the pro 
jection position F" of the internal fixation target on the 
second examination date and time are overlapped and dis 
played on the fundus oculi image Ef. 
0211. The scanning regions R and R' and the fixation 
positions F and F" are displayed respectively based on the 
coordinates shown in the corresponding scanning region 
information or fixation position information. Herein, since 
the scanning region R and the fixation position F" were 
generated at the same second examination date and time as 
the displayed fundus oculi image Ef, they show the position 
of the tomographic image Gb (that is, the position of the 
scanning region and the projection position of the internal 
fixation target) at the second examination date and time in 
this fundus oculi image Ef without modification. 
0212. On the other hand, the scanning region R and the 
fixation position F were generated at the first examination 
date and time unlike the displayed fundus oculi image Ef. 
Therefore, in the examinations at the first and second 
examination date and time, there might be misalignments of 
various types of conditions at the examination time. Such as 
the misalignment of the image regions specified as scanning 
regions, the misalignment of the projection positions of the 
internal fixation target (that is, the misalignment of the 
photographing regions of the fundus oculi Ef), and the 
misalignment of the alignment of the device to an eye E. In 
addition, even if these conditions are coincident, for 
example in the case where an eye E to be examined is not 
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fixated with certainty by the internal fixation target, there 
might be misalignment of the photographing regions of the 
fundus oculi Ef. 
0213. As a result, as shown in FIG. 11, it is usual that the 
scanning regions R and R' are displayed at different posi 
tions to each other and the projection positions F and F" are 
displayed at different positions to each other. 
0214) Incidentally, in the case of having captured plural 

ity of tomographic images (i.e. groups of tomographic 
images) at the first and second examination date and time, 
the main controller 211 causes the tomographic image 
display part 240b to display one image of the groups of 
tomographic images Gb (Ga). As a tomographic image to be 
displayed, any tomographic image, for example, a tomo 
graphic image of the cross-section including the scan start 
ing position RS or a tomographic image of the cross-section 
positioned in the middle in the Sub Scanning direction (y 
direction), will be selected. 
0215. The main controller 211 reads the position infor 
mation 213a and 213b from the information storage part 213 
and sends them to the image processing part 230, and reads 
the image data of the fundus oculi images 212a and 212b 
and the image data of tomographic images Ga and Gb from 
the image storage part 212 and sends them to the image 
processing part 230. 
0216. The scanning region displacement calculation part 
231 performs calculations, based on coordinates of the 
region of the signal light LS shown in each of the position 
information 213a and 213b, for displacements of these two 
coordinates (in the X and y direction) (S12). 
0217. In addition, the fixation position displacement cal 
culation part 232 performs calculations, based on coordi 
nates of the projection position of the internal fixation target 
onto the fundus oculi Ef shown in each of the fixation 
position information of the position information 213a and 
213b, for the displacements of these two coordinates (in the 
X and y direction) (S13). 
0218. Furthermore, the depth position displacement cal 
culation part 233 performs calculations, based on coordi 
nates of the depth position shown in each depth information 
of the position information 213a and 213b, for displacement 
of those two coordinates (in the Z direction) (S14). The 
calculations for the displacement performed at the steps S12 
to S14 will be input to the image position changing part 236. 
0219. The image position changing part 236 adjusts the 
position, by moving the tomographic image Ga at the first 
examination date and time and/or the tomographic image Gb 
at the second examination date and time in the X direction 
and they direction based on the displacement of the coor 
dinates of the scanning region of which calculation was 
performed at the step S12, of these two tomographic images 
in the x-y direction (S15). 
0220. In addition, the image position changing part 236 
adjusts the position, by moving the tomographic image Ga 
at the first examination date and time and/or the tomographic 
image Gb at the second examination date and time in the X 
direction and the y direction based on the displacement of 
the coordinates of the projection position of the internal 
fixation target of which calculation was performed at the 
step S13, of these two tomographic images in the X-y 
direction (S16). 
0221. In addition, the image position changing part 236 
adjusts the position, by moving the tomographic image Ga 
at the first examination date and time and/or the tomographic 
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image Gb at the second examination date and time in the Z 
direction based on the displacement of the depth position of 
the tomographic image of which calculation was performed 
at the step S14, of these two tomographic images in the Z 
direction (depth-wise) (S17). 
0222 Furthermore, the image position changing part 236 
performs calculations for the displacement, based on the 
image data 212a and 212b of the fundus oculi image, so that 
correlation between these two fundus oculi images is the 
highest, adjusts the position of these two fundus oculi 
images based on this displacement, and adjusts the position 
of the tomographic images Ga and Gb in the X and y 
direction by using the results of this position adjustment 
(S18). This is the end of the position adjustment process of 
tomographic images using position information. 
0223) The results of this position adjustment allows the 
main controller 211 to change the display position of the 
images R and R' of the scanning region in the fundus oculi 
image display part 240a and the images F and F of the 
projection position of the internal fixation target. By this 
change of the display position, the images R and R' of the 
scanning region are displayed almost at the same position 
and the images F and F" of the projection position are 
displayed almost at the same position. This means that the 
position was adjusted between the tomographic image (the 
group of tomographic images) Ga at the first examination 
date and time and the tomographic image (the group of 
tomographic images) Gb at the second examination date and 
time. 

Position Adjustment of Images. Using Accumulated Images 
0224 Next, the position adjustment of images using 
accumulated images is described with reference to FIG. 12. 
At the beginning, similarly to the position adjustment using 
position information, a fundus oculi image and a tomo 
graphic image i (a group of tomographic images; hereinafter 
same as this) of the fundus oculi Efare captured on the first 
examination date and time (S21), and the image data 212a 
of the fundus oculi image and the image data Ga of the 
tomographic image are stored in the image storage part 212 
(S22). 
0225. In addition, on the second examination date and 
time when a certain period has elapsed from the first 
examination date and time, a fundus oculi image and a 
tomographic image (a group of tomographic images; here 
inafter same as this) of the fundus oculi Ef are captured 
(S23), and image data 212b of the fundus oculi image and 
the image data Ga of the tomographic image are stored in the 
image storage part 212 (S24). 
0226 Incidentally, on each of the first and second exami 
nation date and time, information indicating the scanning 
region of the signal light LS when capturing a tomographic 
image (the Scanning region information described above) are 
generated and stored in the information storage part 213. 
0227. The main controller 211, in response to a certain 
operation, reads the image data 212b (or the image data 
212a) of the fundus oculi image from the image storage part 
212 and causes the display part 240A to display the fundus 
oculi image Ef based on this image data 212b (S25) 
Meanwhile, the main controller 211 reads scanning region 
information from the information storage part 213 and 
causes the display part 240A to display the images indicating 
the scanning regions at the first and second examination date 
and time to overlap with the fundus oculi image Ef (S26). 
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Furthermore, the main controller 211 reads the image data 
Gb (or the image data Ga) of the tomographic image from 
the image storage part 212 and causes the display part 240A 
to display the tomographic image Gb based on this image 
data (S27). The displaying feature of images through the 
steps S25 to S27 is, for example, similar to FIG. 11 described 
above. 

0228. In addition, the main controller 211 reads the image 
data 212a and 212b of the fundus oculi image and the image 
data Ga and Gb of the tomographic image from the image 
storage part 212 and sends them to the image processing part 
230. The accumulated image generating part 234 accumu 
lates each of the image data 212a and 212b of the tomo 
graphic image depth-wise and generates an accumulated 
image corresponding with the first examination date and 
time and an accumulated image corresponding with the 
second examination date and time, respectively (S28). The 
accumulated image displacement calculation part 235 per 
forms calculations for displacements in the X and y direction 
of these accumulated images corresponding with the first 
and second examination date and time (S29). 
0229. Next, the image position changing part 236 adjusts 
the position of tomographic images Ga and Gb in the X and 
y direction based on the displacements of the accumulated 
images of which calculation was performed (S30). 
0230. Furthermore, the image position changing part 236 
performs calculations for the displacement so that correla 
tion between the fundus oculi images 212a and 212b is the 
highest, adjusts the position of the two fundus oculi images 
based on this displacement, and adjusts the position of the 
tomographic images Ga and Gb in the X and y direction by 
using the results of this position adjustment (S31). In the 
end, the position adjustment process of tomographic images 
using accumulated images is completed. As a result, the 
main controller 211 can change the display position of the 
images R and R' of the Scanning region in the fundus oculi 
image display part 240a, similarly to the case of the position 
adjustment of images using position information. 
0231. Incidentally, the above position adjustment by 
accumulated images is position adjustment in the X and y 
direction, so it is desirable to adjust the 3-dimensional 
position of tomographic images Ga and Gb by adjusting the 
position in the Z direction with the same procedure as in the 
case of the position adjustment of images using position 
information. 

Examples of the Utility of the Position Adjustment Results 

0232. The results of the position adjustment of tomo 
graphic images described above can be utilized as follows in 
the elapsed observation of the fundus oculi Ef. 

First Example of the Utility 

0233 First, one example of the displaying feature of 
images using the position adjustment results of tomographic 
images is described. Herein, at the first and second exami 
nation date and time, m tomographic images (i.e., a group of 
tomographic images) shall have been captured, respectively. 
The m tomographic images belonging to the group at the 
first examination date and time are indicated by symbols 
Ga1 to Gam, and them tomographic images belonging to the 
group at the second examination date and time are indicated 
by symbols Gb1 to Gbm. Incidentally, even if the numbers 
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of images belonging to the two groups are different, it is 
possible to process the same as follows. 
0234. The image position changing part 236 adjusts the 
position between the tomographic images Ga1 to Gam at the 
first examination date and time and the tomographic images 
Gb1 to Gbm at the second examination date and time. 
Herein, interval of adjacent tomographic images shall be 
equally set. That is, for each i=1 to m-1, when interval 
between the tomographic image Gai and the tomographic 
image Ga (i+1) is indicated by Ada and interval between the 
tomographic image Gbi and the tomographic image Gb (i+1) 
is indicated by Adb, it shall be set to Ada=Adb. 
0235. At this time, in the tomographic image Ga1 to Gam 
and the tomographic image Gb1 to Gbm, for each i=1 to m, 
the position between the tomographic image Gai and the 
tomographic image Gbi are adjusted by the image position 
changing part 236. 
0236. The main controller 211 operates, in response to 
the result of this position adjustment, for each i=1 to m, so 
as to generate image associated information for associating 
the tomographic image Gai at the first examination date and 
time and the tomographic image Gbi at the second exami 
nation date and time. The generated image associated infor 
mation is stored in, for example, the information storage part 
213. 
0237. On the display screen of the display part 240A 
shown in FIG. 11, a display Screen Switching part that is not 
shown (consisting of a software key or the like) for switch 
ing the tomographic image to be displayed on the tomo 
graphic image display part 240b is displayed. Operation of 
this associated image Switching part is considered as, for 
example, a click operation by the mouse 206 of the operating 
part. 
0238. The display screen switching part is provided with 
an identical examination image Switching part for Switching 
the display, when the tomographic image Gai at the first 
examination date and time (or the tomographic image Gbi at 
the second examination date and time) is displayed, to the 
other tomographic image Gaj at the first examination date 
and time (or the tomographic image Gb at the second 
examination date and time; jzi). When this identical exami 
nation image Switching part is operated, the display will be 
Switched to, for example, the next tomographic image 
Ga(i+1). In addition, it may be configured to be capable of 
selecting and displaying, for example, the desired one of the 
tomographic images Ga1 to Gam (or the tomographic 
images Gb1 to Gbm) (Specifically, for example, the con 
figuration for selectably displaying a thumbnail of each 
tomographic image can be applied. ). 
0239 Furthermore, the display screen switching part is 
provided with an associated image Switching part for Switch 
ing the display to the tomographic image associated with the 
displayed tomographic image. That is, when the associated 
image Switching part is operated during the tomographic 
image Gai at the first examination date and time (or the 
tomographic image Gbi at the second examination date and 
time) is displayed, the display will be switched to the 
tomographic image Gbi at the second examination date and 
time associated with this tomographic image Gai (or the 
tomographic image Gai at the first examination date and 
time associated with this tomographic image Gbi). 
0240 A user can display a tomographic image Gai (or 
tomographic image Gbi) of the desired cross-section by 
operating the identical examination image Switching part. 
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Furthermore, the user can display a tomographic image Gbi 
(or tomographic image Gai) associated with this tomo 
graphic image Gai (or tomographic image Gbi) by operating 
the associated image Switching part. In addition, the user can 
display the tomographic image Gai again by operating the 
associated image Switching part again. By Switching the 
display image in this way, it is possible to alternately display 
the tomographic image Gai and the tomographic image Gbi 
almost at the same cross-section position, so it is possible to 
easily compare temporal changes in the state of the cross 
section potion (e.g. the thickness of retina). 
0241. As a modification of this displaying feature, it is 
also possible to configure to display plurality of tomographic 
image display parts 240b simultaneously, display the tomo 
graphic image Gai on the one of them, and display the 
tomographic image Gbi on the other. Furthermore, it is also 
able to constitute to, in response to the tomographic image 
displayed on one tomographic image display part 240b 
having been Switched by the identical examination image 
Switching part, display the tomographic image associated 
with that tomographic image on the other tomographic 
image display part 240b. 

Second Example of the Utility 
0242 Next, one example of the image analysis process 
ing using the position adjustment results of tomographic 
images are described. In the elapsed observation, various 
indicators related to the state of the fundus oculi may be 
analyzed. As one example of these indicators, for example, 
there is the thickness of the retina. The thickness of the retina 
can be obtained, for example, by performing calculations for 
difference between the Z coordinate value of the retina 
Surface and the Z coordinate value of the retinal pigment 
epithelium layer in the tomographic image. 
0243 Assume that, for each i=1 to m, the tomographic 
image Gai at the first examination date and time and the 
tomographic image Gbi at the second examination date and 
time are associated with each other. At this time, the main 
controller 211 performs calculations for the thickness of the 
retina at that cross-section position based on each tomo 
graphic image Gai and performs calculations for the thick 
ness of the retina at that cross-section position based on each 
tomographic image Gbi. 
0244. Furthermore, the main controller 211, for each 
cross-section position (i.e. for each i=1 to m), performs 
calculations for the difference between the thickness of the 
retina based on the tomographic image Gai and the thickness 
of the retina based on the tomographic image Gbi. As a 
result, the distribution of temporal changes in the thickness 
of the retina for each cross-section position can be obtained. 
The main controller 211 can cause the display part 240A to 
display the image in which the obtained distribution is 
expressed, for example, by gradation (distributed image). A 
user can easily figure out the distribution State of temporal 
changes in the thickness of the retina in the fundus oculi Ef 
by seeing this distribution image. 

Action and Effect 

0245. The action and effect of the fundus observation 
device 1 as above is explained. This fundus observation 
device 1 generates, for the fundus oculi image 212a and the 
tomographic image Ga captured at the first examination date 
and time, the position information 213a indicating the 
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position of the tomographic image Ga in the fundus oculi 
image 212a, and generates, for the fundus oculi image 212b 
and the tomographic image Gb captured at the second 
examination date and time, the position information 213b 
indicating the position of the tomographic image Gb in the 
fundus oculi image 212b. And then, based on these position 
information 213a and 213b, the fundus observation device I 
operates to adjust the position between the tomographic 
image Ga at the first examination date and time and the 
tomographic image Gb at the second examination date and 
time. 

0246 More specifically, the fundus observation device 1 
operates to adjust the position between the tomographic 
images Ga and Gb in the direction of the surface of the 
fundus oculi Ef(x-y direction) by using the scanning region 
information and the fixation position information included 
in the position information 213a and 213b. In addition, it is 
also able to adjust the position in the X-y direction based on 
the position adjustment results of the accumulated image of 
each tomographic image Ga and Gb. Furthermore, it also 
operates to adjust the position between the tomographic 
images Ga and Gb depth-wise of the fundus oculi Ef (Z 
direction) by using the depth information included in the 
position information 213a and 213b. By combining such 
position adjustment processes, a 3-dimensional position can 
be adjusted. 
0247. In addition, the fundus observation device 1 oper 
ates to adjust the position between the fundus oculi image 
212a at the first examination date and time and the fundus 
oculi image 212b at the second examination date and time, 
and adjusts the detailed position between the tomographic 
images Ga and Gb in the X-y direction based on the results 
thereof. 

0248. As described above, according to the fundus obser 
vation device 1 related to the present embodiment, it is 
possible to preferably adjust the position between the tomo 
graphic images Ga and Gb of the fundus oculi Ef for which 
examination date and time differ, so it is possible to effec 
tively and efficiently perform the elapsed observation using 
tomographic images of the fundus oculi Ef. 

Modified Example 

0249. The configuration described above is merely one 
example to preferably implement the fundus observation 
device related to the present invention. Therefore, optional 
modifications may be implemented appropriately within the 
Scope of the present invention. 
0250 Although the fundus observation device 1 related 
to the above embodiment is constituted to be capable of 
adjusting the position of the tomographic images of the 
fundus oculi based on each of the Scanning region informa 
tion, the fixation position information, the depth information 
and the accumulated image, it is sufficient to be configured 
to be capable of adjusting the position based on one or more 
of these four items. 

0251. In particular, for the position adjustment of the 
fundus oculi in the x-y direction, it is sufficient to be 
designed for operation based on any one of the scanning 
region information, the fixation position information and the 
accumulated image. Incidentally, when the position is 
adjusted based on only the accumulated image, it is Sufi 
cient to provide with only the configuration as a optical 
image measuring device (OCT device). 
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0252 For the position adjustment of tomographic images 
of the fundus oculi, it is desired to improve the accuracy of 
the position adjustment by adjusting the 3-dimensional 
position in the X direction, y direction and Z direction with 
combining the position adjustment in the X-y direction based 
on the scanning region information, the fixation position 
information, or the accumulated image and the position 
adjustment in the Z direction based on the depth information. 
0253) In the above embodiment, the position adjustment 
processing of two tomographic images that have already 
been captured, but the configuration of the above embodi 
ment can be applied to capture tomographic images of 
(almost) the same site as a past examination. For that 
purpose, for example, based on the fixation position infor 
mation in the past examination, the LCD 140 is controlled 
to display the internal fixation target at the same position as 
in the past examination and the eye is fixated in the same 
direction as in the past examination. Furthermore, the cur 
rent fundus oculi image is displayed and the image indicat 
ing the Scanning region based on the scanning region 
information in the past examination is displayed overlapped 
with that fundus oculi image. At this time, the calculations 
for the displacement between the fundus oculi image in the 
past examination and the current fundus oculi image is 
performed (e.g., the displacement for adjusting the position 
is calculated so that the correlation is the highest), and the 
scanning region in the past examination is displayed at the 
position moved depending on this displacement. The posi 
tion of this displayed scanning region is specified as the 
scanning region of the signal light LS in the examination at 
this time. As a result, the same scanning region as in the past 
examination can be specified. Incidentally, fundus oculi 
images or scanning regions do not necessarily have to be 
displayed. 
0254 The fundus observation device according to the 
present embodiment has a retinal camera (unit) as a device 
that forms two-dimensional images of the fundus oculi 
Surface, while it may have a configuration in which a 
two-dimensional image of the fundus oculi Surface is formed 
using arbitrary ophthalmological equipment Such as a slit 
lamp biomicroscope, for example. 
0255 Moreover, in the above embodiment, the image 
forming process is performed by the image forming part 220 
(image forming board 208) and each controlling process are 
operated by the controlling part 210 (microprocessor 201, 
etc.), but it can be configured to operate these two processes 
by one or several computers. 

Advantages 

0256 With the fundus observation device according to 
the embodiment, a fundus observation device comprising: 
image forming part including a first image forming part 
configured to form a 2-dimensional image of the Surface of 
the fundus oculi of an eye and a second image forming part 
configured to form tomographic images of said fundus oculi, 
a position information generating part configured to generate 
position information for said 2-dimensional image and said 
tomographic image generally formed simultaneously, indi 
cating the position of the tomographic image in the 2-di 
mensional image, an image processing part configured to 
adjust the position, based on said position information 
generated for said 2-dimensional image and said tomo 
graphic image generally formed simultaneously at first and 
based on said position information generated for said 2-di 
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mensional image and said tomographic image generally 
formed simultaneously at a Subsequent time, of said former 
tomographic image and said latter tomographic image. Thus, 
according to the embodiment, the position of the former 
tomographic image and the latter tomographic image for 
which examination dates and times differ can preferably be 
adjusted, so it is possible to effectively and efficiently 
perform the elapsed observation using tomographic images 
of a fundus oculi Ef. 
0257 Also, with the fundus observation device according 
to the embodiment, a fundus observation device comprising: 
an image forming part configured to form a tomographic 
image of a fundus oculi of an eye, a position information 
generating part configured to generate the depth information 
indicating the position of the tomographic image depth-wise 
based on the formed tomographic image, and an image 
processing part configured to adjust the position, based on 
said depth information generated for said tomographic 
image formed in first and said depth information generated 
for said tomographic image formed at a Subsequent time, of 
said former tomographic image and said latter tomographic 
image depth-wise. Thus, according to the embodiment, the 
positions of the former tomographic image and the latter 
tomographic image for which examination dates and times 
differ depth-wise can preferably be adjusted, so it is possible 
to effectively and efficiently perform the elapsed observation 
using tomographic images of a fundus oculi. 
0258 Also, with the fundus observation device according 
to the embodiment, a fundus observation device comprising: 
an image forming part configured to form a tomographic 
image of a fundus oculi of an eye, an accumulated image 
generating part configured to generate a first and a second 
accumulated images by accumulating each of a first said 
tomographic image and a second said tomographic image 
formed on different examination dates and times depth-wise, 
an accumulated image displacement calculating part config 
ured to perform calculations for displacement of the gener 
ated first accumulated image and second accumulated 
image, and an image position changing part configured to 
adjust the position, based on the displacement of which 
calculation was performed, of said first tomographic image 
and said second tomographic image in the direction of the 
Surface of said fundus oculi. Thus, according to the embodi 
ment, the positions of the first tomographic image and the 
second tomographic image for which examination dates and 
times differ in the direction of the surface of the fundus oculi 
can preferably be adjusted, so it is possible to effectively and 
efficiently perform the elapsed observation using tomo 
graphic images of a fundus oculi Ef. 
What is claimed is: 
1. A fundus observation device comprising: 
an image forming part including a first image forming part 

and a second image forming part, the first image 
forming part configured to form a 2-dimensional image 
of the surface of the fundus oculi of an eye based on 
optically captured data, a second image forming part 
configured to form tomographic images of said fundus 
oculi based on data captured by an optical scan; 

a position information generating part configured to gen 
erate position information for said 2-dimensional 
image and said tomographic image which are formed 
Substantially simultaneously, the position information 
indicating the position of the tomographic image in the 
2-dimensional image; and 
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an image processing part configured to adjust the position, 
based on said position information generated for said 
2-dimensional image and said tomographic image 
which are formed Substantially simultaneously and 
based on said position information generated for said 
2-dimensional image and said tomographic image 
which are formed Substantially simultaneously at a 
Subsequent time, of said former tomographic image and 
said latter tomographic image. 

2. A fundus observation device according to claim 1, 
wherein said second image forming part comprises: 

a light Source; an interference light generator to split said 
light emitted from said light Source into the signal light 
directed toward said fundus oculi and the reference 
light directed toward a reference object and to generate 
interference light by Superposing the signal light having 
reached said fundus oculi and the reference light having 
reached said reference object; a detector to receive the 
generated interference light and to output a detecting 
signal; and a scanner to scan the incident position of 
said signal light to said fundus oculi respectively in a 
certain main scanning direction and in a Sub Scanning 
direction perpendicular to the main scanning direction, 

wherein, for each of a plurality of said incident positions 
along said main scanning direction, an image depth 
wise of said fundus oculi is formed at the incident 
position based on said detecting signal based on the 
interference light generated from the signal light having 
reached the incident position and said reference light, 
and a tomographic image along said main scanning 
direction is formed based on the images depth-wise 
formed for said plurality of incident positions so that 
said tomographic image is formed at each of two or 
more positions along said Sub Scanning direction, 

wherein said position information generating part 
expresses as said position information the region in 
which said signal light was scanned by said scanner 
when said tomographic image was formed, said posi 
tion information expressed in coordinates of a 2-di 
mensional coordinate system preset on said 2-dimen 
Sional image, and 

wherein said image processing part includes a displace 
ment calculating part to perform calculations for dis 
placement between said each coordinate when said two 
or more former tomographic images were formed and 
said each coordinate when said two or more latter 
tomographic images were formed, and said image 
processing part adjusts the position, based on the dis 
placement of which calculation was performed, of said 
former tomographic image and said latter tomographic 
image in the direction of the Surface of said fundus 
oculi. 

3. A fundus observation device according to claim 1, 
wherein said image forming part includes a fixation target 
projecting part to project on said fundus oculi a fixation 
target to have said eye fixated, 

said position information generating part expresses the 
projection position of said fixation target as said posi 
tion information in coordinates of a 2-dimensional 
coordinate system preset on said 2-dimensional image, 
and 

said image processing part includes a displacement cal 
culating part configured to perform calculations for 
displacement between said coordinate when said 
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former tomographic images were formed and said 
coordinate when said latter tomographic images were 
formed, and said image processing part adjusts the 
position, based on the displacement for which calcula 
tion was performed, of said former tomographic image 
and said latter tomographic image in the direction of 
the surface of said fundus oculi. 

4. A fundus observation device according to claim 1, 
wherein said position information generating part generates 
depth information as said position information, the depth 
information indicating depth-wise position of the tomo 
graphic image based on the tomographic image formed by 
said second image forming part, and 

said image processing part adjusts the position of said 
former tomographic image and said latter tomographic 
image depth-wise, based on said depth information 
generated for said former tomographic image and said 
depth information generated for said latter tomographic 
image. 

5. A fundus observation device comprising: 
an image forming part configured to form a tomographic 

image of a fundus oculi of an eye based on data 
captured by an optical scan, 

a position information generating part configured to gen 
erate the depth information indicating depth-wise posi 
tion of the tomographic image based on the formed 
tomographic image, and 

an image processing part configured to adjust the position, 
based on said depth information generated for said 
tomographic image formed and said depth information 
generated for said tomographic image formed at a 
Subsequent time, of said former tomographic image and 
said latter tomographic image depth-wise. 

6. A fundus observation device according to claim 4. 
wherein said depth information includes information that the 
position of a certain layer of a fundus oculi in the tomo 
graphic image formed by said image forming part is 
expressed in coordinates preset on said tomographic image, 
and 

said image processing part adjusts the depth-wise position 
of said former tomographic image and said latter tomo 
graphic image, so as to match said coordinates corre 
sponding with said former tomographic image and the 
coordinates corresponding with said latter tomographic 
image. 

7. A fundus observation device according to claim 5, 
wherein said depth information includes information that the 
position of a certain layer of a fundus oculi in the tomo 
graphic image formed by said image forming part is 
expressed in coordinates preset on said tomographic image, 
and 

said image processing part adjusts the depth-wise position 
of said former tomographic image and said latter tomo 
graphic image, so as to match said coordinates corre 
sponding with said former tomographic image and the 
coordinates corresponding with said latter tomographic 
image. 

8. A fundus observation device comprising: 
an image forming part configured to form a tomographic 

image of a fundus oculi of an eye based on data 
captured by an optical scan; 

an accumulated image generating part configured to gen 
erate a first and a second accumulated images by 
accumulating each of a first said tomographic image 
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and a second said tomographic image formed on dif 
ferent examination dates and times in the direction of 
depth: 

an accumulated image displacement calculating part con 
figured to perform calculations for displacement of the 
generated first accumulated image and second accumu 
lated image; and 

an image position changing part configured to adjust the 
position, based on the calculated displacement, of said 
first tomographic image and said second tomographic 
image in the direction of the Surface of said fundus 
oculi. 

9. A fundus observation device according to claim 8. 
wherein said image forming comprises: 

said light source; an interference light generator to split 
light emitted from the light source into the signal light 
directed toward said fundus oculi and the reference 
light directed toward a reference object and to generate 
interference light by Superposing the signal light having 
reached said fundus oculi and the reference light having 
reached said reference object; a detector to receive the 
generated interference light and to output a detecting 
signal; and a scanner to scan the incident position of 
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said signal light to said fundus oculi respectively in a 
certain main scanning direction and in a Sub Scanning 
direction perpendicular to the main Scanning direction, 

wherein, for each of a plurality of said incident position 
along said main scanning direction, an image depth 
wise of said fundus oculi at the incident position is 
formed based on said detecting signal based on the 
interference light generated from the signal light having 
reached the incident position and said reference light, 
and a tomographic image along said main scanning 
direction is formed based on the images depth-wise 
formed for said plurality of incident positions so that 
said tomographic image is formed at each of two or 
more positions along said Sub Scanning direction, and 

wherein said accumulated image generating part gener 
ates said first accumulated image by accumulating said 
two or more first tomographic images respectively in 
the direction of depth and generates said second accu 
mulated image by accumulating said two or more 
second tomographic images respectively in the direc 
tion of depth. 


